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I. R FWIt'OR 1)

The sevcral papers found in this issue of Present Qrnepls offer insight into
bx)th broad and specialized areas of Nephrology. In several prcscmations,
comprehensive reviews, not elsewhere available, are presented. A mixture
of theoretical and practical ideas has been embodied in the majority of
articles so that understanding would precede future decision in any of
these areas. It is hoped zhat this volume will make a useful addition to the
Internist's bookshelf.

Thc first article, by Rubini and Chojnacki, is yet another approach to the
problem of fluid and electrolyte balance correction of pathologic devia-
tions. Cookbook types of therapy are specifically not included since they
have litt!e value to the individual patient. Sufficient emprasis is made on
basic concepts so as to enable considered, rational decision. Doctor John
Congcr's presentation of his experience in caring for acute renal failure
patients off the coast of Vietnam is both rewarding and disillusioning since
post-ir.anmatic renal failure is associated with excessive mortality. As in
previtots reports, patient chcmistrics c.Atcn improved with dialytic treatment
while infectious complications precluJcd :,urvival. Doctor Stcinmullcr's
oc'c'llcnt report on the pathogcncs.6 of gloiaerular disease is a timely fact-
laden dk.w-rtation with immediate value for understanding the immunologic

vcnt.s occurt ing in patients with glomerulonephritis, lupus nephritis, and
(;Goodp.'sturc's syndrome. Dcctor Schwartz' article on malignant hypcrten-
siot, provides objective evidence which solidifies the need for treatment to
normotcnsive levels even if glomerular filtration rate falls, albeit transiently.
Doctor Michael Conger's discussion of pyelonephritis presents new facets of
diagnosis which should be of benefit to every clinician. Finally, Doctor
Shiraberger's paper on drug abuse is proudly published as a nc :ded aid in
diagnosis and treatment of this extensive contemporary problem. Immediate
application is obvious and pitfalls are properly described.

MAJ RICHARD E. CHOJNACKI, MC
(;ucst Fditor

rPcxc'ni (o'nt vp t. Iit' I I' No '. Septcmbher 19 71
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* ~Pt !NCPI.EY 01- PAREiNTRAI. THERAPY"

Milli)- F R-ub'in. MDAI) and Rlichard E. Chojnacki, M).D

lbe phys~iolosia madhansms of 3ncml 'vater arld electr*-
? yte turnover ia-n~v. e intaim., absorption, body distribution..
and -'ltimtsly, excretion, With parenteral theuYW, itysio-
logic oontrvilsi of intake m3 utboorptlon a" bypessad, and
bminostatio regulation In 3Argely 4opullent cc renal excretion.
astrogsnico decision umat fall betiman tho lij~ts of renal

capacity of oamvatlon to minimise depiletion, and *nhaned
excretion to dissipate~ sarfolt. With smil renal functions,
there is substantial 2sevay in adequate parenterul tberepy,,
but it behooves the physician to be ever vary of overdispezilmnos
on renal adjustmnts to correct therapeutic: errors. Errors
of omission are onlyr partially compnsable by oonssriatory
us-Niinsa of the kidney, because there is an Inexrabla, lose

of water and solutes that eventually mast lead to depletion;
error* of ooasio a %n be rectifid only to a degree by
appropriate renal1 ezaretion. TOmoral 1imits to moba ooe-
sation are also inherent, and coincident, demans for conser-
vation of one substmnos and excretion or another my be cam-
petitive, so that oam correctve action is 0only at the expense
of another. Theres aTe ma~y examples of apparently discordant
venal response. Thus, in order t~i conserve potasslA, an-&acid
urine my be excreted despite alkslosis. Uner certain air-
oim~stances, the body sacrfifoes tonicity to inaintain voluse,
e *g. the salt-f ree urine despite hypernatreimia, of dahydrationy
or the sodim diuresis despite byponatremis. of chroic water
intoxication. In otherst tonicity is protected at the cqwnse
of volme, e.g. salt retaining atates with Impaired water
diuresis, despite edeme-

This discussion of certain piaotioss of pamute~ral fluid
management is mome appropxiate in principle rather than in
specific example. Therapy of a single patien~t requires cog-
nitive decision based on a variety of Indidu~alisedI data end

I romI ,1 Ifintuunt (it MedIC11. W ld-ho~trtu Vcemns Admini~tration llo~pitaI and Lrtrivcrity of Cilfuorn,.u
.141 n Angcks I I tt (1uhn~ncki ~rpare c'1 ihis irticic w-t~h Dr Rubini durfing thu' ycar 6'-%j awiot~sd

v tilt VA .ttlsnrth liotu t:ou rntt~fifl toi Lttfitn in 'n 1 970
( im~il liutitL~vui rf Meic inc. 11nivcr~uty oi iuiforn,. I. o- Angck-%

I'reew~i (Ctimcp~s. 1'(; IF No 9. Y'opienihrr 1971
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ciraoumtances rather than any prede fined formals, or routine.
3uch recipes for parenteral therapy by necessity minimize
interactions betwueen ooncurrent homeostatie disruptions, and
assume that specific indications predicate similar therapeutic4
actions consistently. In adlc!tion,, a baseline of "normsl 3 is
inferred, as if all acute and chronic physiologic alterations
were a distortion of the steady state of the he&lthy person.
Howver,, chronic disease may define a nov baseline of homo-
stasis, and parenteral treatmnt of the sick patient often
must -be directed to re-establish that steady salte. The

impsiionofa preeonosived state ofnormality deduced from

asteacute disordewr prompting active therapy. An attemt
has benmade to focus oodeainof this chapter to the
more seeeand extreme derangements of water and electrolyte
metabolism as well as steady-state requirements because it is
in these clinical settings that sound and effective parenteral
management is most critical.

GEINE:RAL PRINCIPLES

Parenteral requirements may be arbitrarily divided into
trecomponents: jgtnag therapy, de-lot therapy, and

replacement therapy. Appropriate parenteral therapy requires
consideration of each of these three aspects ooncurrent,.7 to
promote or maintain fluid and electrolyte hoaeostasis.

Maintenance themapy is the provision of basal requirements
of fluid,. electrolytes, anid, eventually, calories, trace
minerals and vitamins, et cetera. Hamostasis demands sufficient
fluid for the excretion of wastes, the stabilization of body
temperature by water loss through the skin, and the repletion
of respiratory losses. This quantity is often termed the
ob.Ui~tor water requirement, i.e.* the maintenance requiremnt
for fluid in its minimum rather than optima sen"e.

Basal electrolyte requirements are minimal as efficient
renal compensatory mechani sas are evoked with moderate deficits,
aid the rate of fa~rther depletion is minimins ed. Losses in the
feces and in sweat are normaflly a minor fracetion of total ox-
oration. They also are dir-ini shed with depletion, but with
less efficiency than urinary losses. With abstinence of intake,
the bowel and skin losses become major detexuinants of deficits.

rr i I (111 1'. 1 11' IV V. .S'pienibcr 197)
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Basal requirements of water, sodium and potassium may be de-
rived from TABLES I and II. The obligatory water loss is the
difference between minimum losses and the water of oxidation.
Obligatory electrolyte losses are the miniamm losses in fecesand urine, plus the several alq/day lost from. the skin surface
as will be subbequent.ly discussed. Such vdnm asm Pe a
salte of oontiun depletion and henoe they are theoretic

rather than finite.

Homeostatic requirements for water and electrolytes
cannot be inferred fro wmaxia oonoentration of these sub-
stanoss in urine. Thus, the familiar concentration test
performed under paraphysiologioal stress such as water dep-
rivation cLnnot be oontinued indefinitely. While man can
concentrate his urine to approximately 1400 mOs/L, the maximum
intake concentration of total solute is approximately 600 mOs/L.
)%zimum intake is compared to rximu excretory capacity
expressing both values as concentrations. Figure 1. Intake
concentration is based on mxium infusion concentration that
permits a steady state; output concentration is the approx-
imate ceiling concentration of these solutes in urine obtained
under a variety of circumstanoes.

MAXIMUM INTAKE CONCENTRATION Dl VS

800 , MAXIMUM URINE CAPACITY 1F

800-

mM/L400-i

Na CI K Urea
Figure 1.

i'r,•in (,Cm cp•. I I"V No Y. Srpr.rn•ehr 19 71
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DITERMINANTS OF WATER BALANCE

USUAL RANGE. FXTRIrMI-
millli~ters

Intake
Foods. liquids* 1000-1500 20.00at
Oxidation of tood or tissue 500>- 800 2.000

Output
Urine 400-1200 10.000*

1 5.000§
Lunre% 500. coo 2.000
Skin i'ueatl 300- 500 15.000 II
I ecsc. SG- 100 1 0.0001
Stomach AXspirate 6.000
Iligh bowe-l Or 8.000
I ass bowel I i~tuba 5.000

Waiicr turnoer .i. pc~tcnt body water 1'24 hours

Infant 15-35%

including pre-forrned 11,0
Sa-, water diizrcsis - diabetes insipidus
a- osmtotic diuresis - inassis glycosuria or sustained mannitol diuresis
J4,11i1i3tircJ min performing heavy physical effort in dry Iropical environmlent
Scholera

IlABLE 11
CONSERVATION OF SODIUM AND POTASSIUM

MINMUM TIMI RE',)UIRE-D
0(ONCI NTRATION TO ACHIEVE

OR WMOU'NTMAY %IIN I N1UM LOSSEIS CIRCUMISTANCE.S

11i ro (I nill (it 1-2 d.i'. atntainance + iniinralocorticoids
I Cie, 4 , nil qWdav )l %%eek abistaminanc + mniaralocorticoid,
VtIiim1.'1 1 60111l q/l Immediate concentration increases with pro-

longed aspiration
llowcl! 120 1-11 l/I immediate conccntration increases% with pro-

longed aspiration
ý, l I fiill fill scverail week- acclimatization and profuse scating

l'oia'.sluml
Urine 34 nil (/32-4 weecks- K deficiency
I ezve 2-4 rnl-q/da) 2.4 weeks. K deficiency
Stomat~ih 2-4 mlq/L day% :oncentration falls ,.ith protracted

losses
Bowel 2-4 mi-qIL davs severe potassium deficiency or pro-

longed asp!ration
S wc.it 2-3 ml q: L seve-ral sve-ks K deficiency

assuming.wa~mmal act.d secretion
tall bowel a~iae r entiall) isoitonic hci with progressive los~ses thLrc is inceasing exchange of

Na for k. arid Na."or,"ostion aspirate apocethtfpls'a. Lower valuc,, may be obtained
if water is ussd for flus'ung or if ingested watetus losit t.ore itis absorbed

V alue- below plasma1 conventration may occur with maxiumal water diumies i-ut net loi,% ,s g; -atcr.

P'resen-t C'.nccpts. I ol IV N,) 9. September 19 71



Rgficit tberapy is replaoeast of losses that have
oamu-nd beforle the Ofl~et of therapy; these are finite losses,I , aM can be estimated from direct a~ssays, laboratory findings,
history and physical examination. Deficit requirements in-
volve both quantitative and qualitative considerations. Thus,
the sawe quantity of sodium my be a~inistered to correcta
deficit of body sodium content in a patient with Izypovoleial
and a normal or high plasms sodium ooncentration as is required
to replaois a deficit in body sodium in a patient with bypo-
natremia, ard edema. In the former instanoe, sodium should be
given in sufficient water to expaad the extraciellular fluid.,
and benoe normal salIn might be a logical prescrirtion. In
the latter, relative or absolute waater excess is *%.dent, so
that if salt in deemed neoeseary, hypertonic salins should be
idminist~rsd an a 3 or 5 percent sodium chloride (Y&al) solution.

Since gastrointestinal losses are most ocmonly the cause
of deficit, knWledgs of the volume lost wAn its probable
oomposition is critical to estivate repletion requirements.
Typical losses are depicted in ?&BIA in, more extensive
.3.pletions can be estimted from the maxims 'volumes in TABLZ
I as electrolyte losses are generally proportionate. As noted
in TABIZ III, oompeaxtive indices provide a simple estimate of
the percent of sodium replacement which should be given as
sodixm bicarbonate or its equivalent by subtracting 100.

AC'ID BASE INDEX OF GASTROINTE-STINAL FLUID DEFICITS

Aspia~e(Na) 100
Derivation Index: (CI) x -F -x 100

Stomach 50-90*

Saline 80

Plasma 100 Arbitrary

Iligh intcstmet 120-140

Low inlesline 150-200

Value,~ frontl 50-120 ca u-tiaIk he Lon'~idctcd wuited for repletion with normail %3linc (Indc\ 80)
PaI.ntwatiw -wr('::n i% highly aIklirnc except ini the czc -3f fi;tiilae when it i% gzcnflt) admin ked

Preven I (omccr is. VnidI V No 9. Sep 1cm her 1 971
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Replacemsnt therapy is the repletion of continuing ab-
normal losses. These may involve losses through the kidney,
gastrointestinal tract, skin or lungs. Again, not only must
the voluse of fluid lost be replaced, but the composition of
the replacement solution should be "tailored' insofar as
Possible to the composition of the fluid lost. Replacement
therapy is always a supplement to maintenance therapy, and
may be a ccmplement to deficit therapy. As a generality,
tosses of fluid derived proxinal to the duodemm are acid and
tend to •emk the extracellular fluid alkaline (alkalosis);
losses from progressively more distal sites are alkaline tend-
ing to leave the extracellular fluid more acid (acidosis).
The site of derivation rather than the site of renoval char-
acterize the pH and bicarbonate content of gastrointestinal
aspirates.

7lle ('nc•pt •, /er," !da/an c

The steady state of homeostasis is often referred to as
"Ozero external balance" whereby intake and output of a sub-
stance are equal. Zero balance also implies normal body
content as it is assumed that if an excess or deficit were
present, and intake continued, output would adjust to om-
pensate. It is obvious that this concept is an oversiup-
lification, but it is clinically useful and convenient to
describe body homostatic mechanias and derangements in terms
of positive, negative, or zero balances.

Physiologic balanoe must be defined not only in terms of
external balance or whole body content of fluid and various
electrolytes, but the internal compartnentalization of these
contents, i.e. cellular and extracellular distribution. When
either the external or the internal balances are deranged,
there is a tendency to return both balances to zero coinci-
dently, as the content of cells are in equilibrium with the
content of extracellular fluids. The fact that a load of
isotonic saline is excreted, despite unchanged extracellular
concentration, unequivocally points to a volume stimulated
regulation of balance.

Diverse contemporary homeostatic mechanisms are always
integrated. Distortions of both external and internal zero
balance are not only quantitative but also involve the content
of one substance relative to another, i.e. concentration of a

-' rc'scn i (',,n, ,'l' I,,4I II \., Q •,.~'rcm b r I 0)-
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solute in extracellular water or the relationship of intra-
cellular potassium to sodium. Appropriate renal ccopensation
to achieve sero balance is often a complex process. Consider
the renal adjustment to the prosaic act of infusion of a liter
of isotonic salt solution, i.e. 1000 al of water, 150 uEq of
Na+, and 150 mEq of Cl. The kidney mnut not only excrete the
load of water and solute in toto,, but wast be concerned with
the temporal relationship of the exmrtlon of one solute as
related to another, as well as their ft. •ntration in the
loading fluid. In the case of isotonie sodium chloride in

which the chlorede is in substantial excess of its concen-
tration in the extraoellular volume, urinary chloride output
increases prior to the increase in urin flow; water is then
excreted in excess of the extra solute and finally sodium and
to a lesser degree, chloride is excreted in excess of extra
water.

Despite the wide range of qualitative and quantitative
renal adaptation it is easily possible to exceed renal com-
pensation and a chronic overload may develop. Excretory
adjustments are often interrelated, the most obvious exmuple
being the accumulation of water when the amount of salt given
concomitantly exceeds renal excretory capacity.

WArf R

The first order of concern in parenteral requirements
and therapy is water. Normal water balance may be defined as
the physiologic state wherein intake is approximately equal
to output when neither intake nor output is manipulated.
Because intake is usually intermittent and output continuous,
an arbitrary period of reference of 24 hours is usually assumed,
Water balance is never static, and continuously fluctuates in
reflection of activity and metabolic stato. Thus, if one
assums that 3ero balance is reached at a specific time, i.e.
at meal timi-s, a normal man subsequently either ingests a
water excess stimulating regulatory mechanims to reduce
positive water balance or undergoes water privation stimulating
thirst and renal conservation of water.

As a dynamic Loncept, water balance cannot be arbitrarily
defined relative to body weight, intake or excretion without
reference to the coincident balance of sodium and chloride.

A ', 1(,,' ',:, r:." I,,'11 \,, o..n Scpiem hbcr 1971
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The temporal as well as quantitative aspects of derangements
of water balanoe are critical to the physiologic and pathologic
responses so induced. khile the main regulatory mecharnis of
water balance is renal, overwhelming excess or deficits of
water my ultimately cause a renal response which is inappro-
priate or converse, e.g. antidiuresis of cevere water intox-
ication or the reduced solute output (and isotonic oliguria)
that occurs with massive salt excess. Thirst also regulates
water balance, albeit at a primeval level. In the activity
pattern and conscious behavior of moderm rnn, imbibition is
chiefly by habit or custom rather than from thirst.

Water balance is intimately related to thermal balance.
In order to maintain thermoneutrality, heat loss over any
period must equal the total heat produced. A healthy, active
male in a comfortable environmental temperature will lose
approximately 1000 calories per di'y by evaporation of water
frca the skin and lungs. Additional losses include 2000
calories by radiation and conduction from the skin and 100
calories by increase in temperature of inspired air and
excretion. Hear dissipation favors convection and radiation
routes in the nresence of lov ambient temperatures, while
evaporation is of prime importanca when ambient temperatures
are equal to or greater than body temperature. In this
situation heat cannot be radiated and heat loss is primarily
by evaporation of water from lungs and skin. Each milliliter
of 6tter vaporized requires a dissipation of 0.58 calories.
Loss of heat from the body is dependent on the amount of water
evaporated, not on the amount of sweat produced.

Even in the absence of sensible sweating, water require-
zents are directly proportionate to the caloric expenditure.
An adult metabolizing 30 calg/24 hr utilizes approximately
100 ml H20/100 cal or 2.0 liters. This ration of fluid
required per calories expended is relatively constant in most
maimalian species, while caloric requirements per kilogram
of body weight evolves progressively through infancy and child-
hood and varies substantially among different species. As
metabolic rate is proportionate to surface area, rather than
body weight, water turnover can be similarly expressed in all
species at about 1100 cc/i 2 of body surface/24 hr. Increased
caloric requirements, as in protracted fever or thyrotcxioosis,
impose an additional but proportionate water requirement since
basal metabolic rate increases 13 percent for each degree ise

in body temperature.

.. T, <'- - -A ; -
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The obligatory volume of urine is determined by the
amount of solutes that must be excreted and is relatively
independent or water ingestion or abstinence, e.g. if daily
solute load is 300 mO0m, and maximum urinary osmolality ia
1200 zO=/kg, 400 ml urinary water is required to excrete
this load. With greater solute loads, maximum urine osmolal
concentration falls, and the obligatory volume of urine
increases more nearly geometrically than linearly. Massive
glycosuria may impose a solute load of several o soles per
day. Skin losses of water may increase 10-20 fold with
phynical exertion in a hot dry enviroment; fecal losses may
increase 3-4 fold with diarrbea., and much more with choleraic
states. In such abnormal cir•matances, water balance tends
to lag negatively, and zero balance is approached, but seldom
reached by greatly augmnted intake under the provocation of
thirst alone.

Generally, the urine is more concentrated than plasma,
indicating that a mild degree of dehydration is the normal
steady state. Even under ordinary zircumstances, man drinks
episodically in excess, and swings internittently into posi-
tive balance. He then excretes free water to correct an
excessive water load. It is the aim of parenteral therapy
to maintain a slight positive balance of water so as to allow
a modest facultative urinary excretion, i.e. that volume of
urine in excess of obligatory excretion. Facultative water
is not identical to free water excreted, although free water
is always facultative. Urine is therefore generally less
concentrated than it could be and still maintain solute
excretion. This is probably normal in a physiologic sense
as a number of movilian species from rats to man maintain
an intake of water in modest excess of obligatory losses.

The intake of water is in four forms: (1) that water
drunk in response to thirst stimuli or habit to meet the
cultural patterns, (2) that water which is pre-formed in
foods and taken primarily in satiation of hunger, (3) that
water which is derived from the oxidation of tissue constit-
ueuts, and (4) that water which is infuased or otherwise
introduced into the body by prescription. The character of
the diet relates to water available for excretion by the type
of food eaten (pre-formed water) dnd the nutrient composition
thereof (water of oxidation). Bread contains 20 percent
pre-formed water, meats scme 75 percent, and vegetables and
fruit from 70-95 percent. The water obtained from oxidation
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depends predominantly on the amount of hydrogen of the molecule
concerned (protein 0.41 cc/gm, carbohydrate 0.55 cc/gm, fat
1.07 cc/gm). Approximately 12 ml of water are derived from
each 100 calories metabolized (protein 10.5, carbohydrate 13.8,
fat 11.5 ml/l00 cal).

In addition to the quantitative aspects of water balance,
there is also a temporal aspect. An increasingly negative
balance of water, produced at a modest rate, may lead to well
tolerated contraction of body water although a rapid loss of
similar magnitude caused by sweating may cause collapse.
Chronic water excess may be totally asynptomtic and manifested
only by reduction in serum osolal conc'ntration or it may pro-
duce a crescendo of symptoms from mental confusion to eventual
coma. A load of water may induce water intoxication if given
so rapidly that renal compensatory mechani-us lag substantially
in excretion. Acute water intoxication evokes a striking
syndrome complex marked by restlessness, acute weakness,
diarrrhea, salivation, itcbing and vomiting, tremor, muscle
witches, and convulsions. Forced acute water poisoning has
been awarded a reputation as a medieval or oriental torture
although it is potentially lethal, the discomfort is short
lived and coma rapidly supervenes. The acute syndrome is
primarily seen when large water loads are introduced into
the gastrointestinal tract and probably reflects rapid loss
of sodium and chloride into the intestinal tract, as well as
the hemodilution and hypo-osmlality caused by water absorption.
Positive water balances produced more slowly by ingestion of
similar volumes are seen in psychiatric illness with ocmpulsive
water drinking and yet with much less adverse symptoms even
though a positive balance of 20 percent of body water may be
noted. The centrml nervous symptomology of water excess is
in many ways similar to that of water deprivation, and at
erTrems, both may be associated with oliguria. Epileptic
subjects are particularly prone to seizures with overhydration,
and it is reputed that Napoleon "encouraged" ingestion of weter
as a means of separa+ting potential epileptics from his drafted
recruits.

There i3 also a poorly understood phenomenon of resistance
to water intoxication that cannot be completely related to
augmented renal excretion. It is demonstrable by giving rats
progressive increuents of water on successive days and finding
an increased tolerance to acute water intoxication that is
manifested before diu.-esis and even after nephrectomy. Gluco-
corticoids have similar effects, at least in the rat, of
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inducing resistanoe to oa produced by massive wter loading.
In this species, and possibly in man, adrenalectomy increases
susoeptibility to acute water intoxication. The situation

ae s akin in man to the clinical tolerance to hyponatreaia
which clearly depends on the rate of development as well as
the degree.

ISOTONICITY AND OSMOLALITY

Sucoessful parenteral therapy requires not on4 restoration
and waintenance of vo?.une but alo a noral solute oonosntration
in that volume. Solutions which are at the cono2entration of
plasma and extrecellular fluids are 3iso-omolal" or "isotonic"
although the latter toma is oftan used inoorrectly.

Isotonicity of a solutiou is defined as that concentration
at whiah suspended red cells are unchanged in volum Tonicity
is independent of omolality, e.g. the addition of urea or
alcohol to an infusion does not alter tonicity becaume these
substanoes freely per mate red cells and yet such addition
obviously altere omolality. Tonicity is defined relative to
a mabrane of reference, while omolality is a colligative
property of a solution whether or not a mmbrane is present.
Isotonic solutions are not necessarily of the sm oolal
concentration as the fluid within tbe cell and oategorixation
of isotonicity depends to a degree ow the species of Lan t
cells utilised. Thus, rabbit erytt±cyten define isotonicity
at 1.1 percent sodium chloride, vhile 0.9 percent sodi~m
chloride is isotonic for htan red cells. The clinical use
of isotonic saline ixplins a w•tchbug with the omolal oon-
centration of the extraeollular fluid. This is only partially
true, however, as the effective omolal onucentration of the
fluid bathing cells is soae 5-10 percent lower than that of
isotonic saline, and my vary ± 5 percent froa patient to
patient.

Plama is the conduit between the protoplasm and fluid
leaving or entering the body. As plama is isotonic by
definition, only fluid containing a suitable concentration
of solute can traverse the plain. It is this coincident
solute m-oement that controls the flow of water across bio-
logic membranes and is inflrenood by simple diffusion,
hydrostatic pressure, cellular metabolic activity and trans-
membrane ionic fluxes.
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The complexity of (tranmembrame) wter and salt movements
is exemplified by the changes which occur in the volume and
composition of fluids introduced in the peritoneal cavity.
Isotonic glucose solution increases in volume prior to absorp-
tion because of the transperitoneal movement of sodium and
chloride which temporarily raise omolality above that of
plama. Isotonic saline by contrast is readily absorbed, and
only by the addition of 3.5 to 4 percent gluoose say the ab-
sorptive forces be balanced. The dependence of water movement
on the character of solute dissolved may be further illustrated
in several simple physical-chemical experiments: (1) isotonic
saline will lose fluid across a oellop-ane membrane to isotonic
glucose because oellophane as compared to the red cell membrane
is more permeable to salt than glucose, and (2) when isotonic
solutions of mgnesium sulfate and sodium chloride are similarly
separated, the sulfate side expands at the expense of the chlo-
ride side, reflecting the different rates of solute diffusion,
i.e. chloride diffuses faster than sulfate.

I'ROCIANIRi. OF PARENTERAL THERAPY

The first requirent for parenteral management is a
safe and ready access to the circulation. IndWelling venous
catheter techniques have greatly simplified procedure, but
care must be constantly applied to avoid introduction of in-
fection by use of bactericidal ointmnt at the site of skin
puncture. Cortinuous infusion ninluises the risk of clotting
while peripheral venous catheters sLould not be used for more
than a week (preferably 3-4 days) without chanrin the site
of infusion. Solutions of glucose above 14 perosnt are poorly
tolerated in peripheral veins, but introduction of a catheter
into large deep veins such as the Jugular, the iliac, or even
the vona cava, permits the rapid dilution of more hypertonic
solutions which otherwise tend to injure the venous Intm..
The addition of glucooorticoids to oore_•ial hypertonic
infusion solutions, presirbly to mininmie infl•amtory reac-
tion, is probably unnoessary but sems harmless. Beparin in
=all amounts also may be added to hypertonic infusions.

Is a genaral principle, single component solutions are
preferable to polyionic solutions if several solutes must be
given simultaneoualy. The addition of potassium chloride or
sodium bicarbonate in specific and carefully considered
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mounts to isotonic @0li1 is proframble to IstauWAI'd mixtures
prepackaged for marketing convenience rather the physiologic
writ. All additives should be labeled on the infusi 5a bottle

-- orders should define rate of adanie'.-rtion, thie cbaracter
of pazenteal, fbzids, and volme pi'escr'kbed. Bottles shtould
bip comaeoutively zoabsi'ed to slydaiu. jonfusion aid to readily
pendt bedside recognition of the speed of aduinistretieL.
noe maring staff should be alerted to ir~ooopired changes in
or= -now, thirst,, a=1ety,. headacbs, and others, as probable
IM~waftiom to slow but not opltoly stop the bifusion and
to uoti4y Ye zes onsdbl pbysician. h use of indvlling
mitial winous aelbaters to determine pressure at frequent
Intervals is hS~pfu1 wbon the volvin required is =~certain
or smal oýesaio is liuited,, especially in elderly or
dabalitated aibjects. Fortuntely there in a vide flexibility
of physiologic adaptation to oversolow2 application of perenk-
level thasamW so tkat a trial and obeervation routira Is

laboratory stuies needed for ratioel, psazentezal maw&
mat InaolW. the buistocrit, and the sodium, pot&asim and
Wdoaibeste content of plans. Plams, or blood pH determineda
either slactraitrically or indirectly fran pCO2 and bicar-
bautt. in especially helpful. Omolait~y of plases my be

Inaluanble,, eseclally for reoco~itiorn of odza1ating oswtie
material other then sodius, suzch " as itol or uree. The
welatiemabip to sodim concentration, and serves to delineat.
states of amion excesses occurring in urewia or lactic acidouis.U
Urim stodes of primn utility include a avasure of concentra-
ties (omolaI&ty is preferred to specific gravity) and pg.
Unless there is obvious excessive loss of body fluid, plasm
detentizitiorns ane zoT essential then zund= detoronations
of urnLmzy electrolytes.

In chronic disorders of body fluid and electrolyte balance,.
came intAlis is kmown., the detenzuirtion of sodium, potassium
&an chloride content of spot smaples of urine is increasingly
valble, but 24, hour collections Qrs m~perior. The cognizance
of .ttemvl, electrolyte losses froms all liquid excretions and

as~d~m from ti. ki body is essential, and continuous ooq~lete
daily collections should be obtaintud. The pbysician mist corn-.
eider the delay in obtaining the collection and the ti re-4
quired flor laboratory stadiies in the interpretation. of the
Patimit' s status of the Amomet 4
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Parenteral therapy should be carefully re-evaluated at
least daily, an approach facilitated by P .ccurate tabulation
and charting of pertinent data. Too often, decision is made
predominantly from laboratory data. The wary clinician,
however, should never regard the laborattory as more than an
adjunct to informtion gained directly by clinical observation
of the patient becaube even with reliable data and reasonable
deduction, the patient will sometines show clinical deterio-
ration before or despite biochemical inprovement.

Parenteral Therapy of :ypo-Osmolal States

The symptcas of hypo-osmolality are non-specific and
include weakness, lethargy and coma. Intraoellular hydration
is increased except possibly in certain chronic disease states
associated with proportionate intraoellular potassium losses
"~the sick cýell syndrome. Clinical dependence on such signs
as skin turgor or fingerprint clarity may be inadequate,
especially in the elderly. As red blood cells w•ell, heuato-
crit may be elevated. Cerebral spinal pressure may be mcd-
erately Increased but papilledem is unusual. The electro-
encephalogram may show non specific slowing. Thirst occurs
despite h-po-omolality in response to acute changes in volume,
toxicity, or possibly potassium deficiency. Urinary sodium
is usually not helpful diagnostically as it may be reduced
(seconiary to reduction of filtered load?) or increased,

In most instances, mater deprivation alone Ls optimum
therapy. This is zors easily prescribed than expedited as
the hospital environmnt i permeated with the idea that
forcing fluids is an attribute next to cleanliness. Cracked
ice and liquid nutrients are proferred indiscriminatly by
well meaning aides., visitors, and other patients who seem to
equate thirst with neglect. More rapid correction of plana
oiolality requires the administration of hypertonic salt
solutions. This option depends on definite acute clinical
indications because pulmonary edema, oongestive heart failure
and hypertension may ensue, especially if whole body sodium
is already increas4d. With treatnt, the rise in sermu
sodium will be predicated on the redistribution of water,
and not simply the dilution of sodim in a static extracellular
fluid volum. Therefore, whcle body water must be used to
calculate the amount required to achieve the desired change
in concentration. In most instances, such calculation in-
dicates a need for very large quantities of hypertonic saline
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to rais conoentration to norwal, much to the consternation of
the physician. A trial of 25-50 peroent corrmection is usually
sufficient to demonstrate whether clinical improvemnt will
occur. Administration 3hould be slow, preferably over a 12
hour period followed by a 12 hour period of observation. As
a rough guide, 6 ma of water becomes isotonic for every mill-
mole of sodium chloride given in excess of noriml saline.
Sodium excretion in the urine may remain unr-hanged until the
body des.lcit is reploed or may increase under the stizilus
of expanded volume or the persistence o. an altered "osostat".

The removal of water in exoess of malt may 'e accomplibed
by inducing an osmotic diuresis, usually with mnuitol. The
concentration of urinary sodium during vigorous diuresis with
this agent is approximately 30-40 mZq/L, mo that three-fourths
of urine volume is in excess of the oamolar ratio of plan&.
Urine flow, however, is proportionate to the filtered load of
mannitol so that a substantial plaama mannitol concentration
is necessary. Increasing plasma omo.ality in this manner
may reduce cerebral edema by establishing an omotic gradient.
Rebound phenomena are mininized as the excess vater drawn from
c3lls is carried into the urine. Because plams, volume expands
initially with large mannitol loads, the procedure ie not
entirely without rAsk of pulmonary edea. Barry, however,
reccueuls the use of mnnitol, it least in a trial dose of
20 grams, in most patients even in the presence of mild to
moderate heart failure, /1/ Urea may be similarly employed
but rapid infusion of concentrated solutions of urea may pro-
voke nausea, vomiting and somnolence. Urea slowly enters
cells and, as urea is excreted into the urine and extraoell-
ular fluid concentration falls its subsequent diffusion back
into the plasma may lag behind that of water and central ner-
vous system syMptoms may be aggravated.

Concentrated glucose infusior, my also be effective, but
the high blood sugar levels needed to induce a brisk osmotic
diuresis are not well tolerated and require massive loads.
Finally, the induction of maweting is more of a theoretic
possibility than a practical measure for application in sick
patients.
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I'mrcntiew ThicralpN' o ilypero-inolal StajtnŽ

Clinicadl recognition of hypero~aolal states Is based on
intuition aid knowledge of precipita'.ing factors. Symptoms
that are suspect include somnolence,. lethargy,, or coma (a
rather similii' picture to the symptoms of hyponatremic statesa).
Restlessness, anxiety and even manic activity any be premonitory
manifestations, headache or visual difficulties may be prominent.
Precipitating factors include diabetes and water deprivation.

The skinfolds are lax and norm%! skin elasticity is lost,
sweating stops. Subeutaneous tissue is plastic and thin., the
mucous membranes are dry and sali-sa is scanty. Vaginal mucosa
is also dry,. a finding that may be useful diagnostically in
female patient.,s breathing through their mouths. The patient
my have a staring appearance and the voice may be hoarse.
There is a general apathy and delayed response to interrogation.
Thirst my be a complaint upon direct questioning,, but because
the patient is often severely ill and stuporous, its presence
is often not spontaneously ascertained. Recuabent hypotenuion
may be prominent, or postural hypotenulton and faintness my be
the chief reflection of hypovolemia. Cold extremities., thready
pulse, collapsed veins may also be present, ocular tension may
be dimainished on palpation.

Confirmation is obtained by the demonstration of elevated
plaina sodium or osslality. Asotesia raises plasma oamolal~ity
but effective oinolal concentration is normal. Increased cir-
culating lipid or protein any artefactually raise serum sodiuem
due to displacement of plasma water. A. true byperoinolal state
Wa be due to substantial hyperglycemia, e g. greater than

500 mg/).00 cc (18D mg/l00 cc = 10 z~as/L), w~hile lower blood
levels have less importance except for the aggravation of
water and salt by lossess by osmotic diuresis. With hypergly-
cemia, plasm sodium is not a reliable indicator of hyperos-
molality since it accounts for loes than its usual. half of
total plama solute. Excessive sweating, hypertonic or dry
aalt a&Rinis3ration are occasional causes of hyperoinolality,
but most cases are due to water deprivation or to an excessive
obligatory loss of watar secondary to solute overload.
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The classic example of hyperomolal hypovoleidL is an older
patient with nephroseler-osis who is unable to cono ntrate his
urine normally. Admitted to the hospital and unable to eat by
himself, he is started on a tube feeding mixture. Too often, I
the emphasis is on total calories, protein, vitamins and elec-
trolytes so that wter needs are neglected. The inability tooonserve wter is further compounded by thI fixed loss of water

acocapa:Ving inoreabed urea nitrogen excretion. With hypovo-
leaia, salt retaining stimuli are added. On the fourth or
fifth hospital day, the patient has lapsed into coi and asrm
sodium is found to be 165 uW/L. A myocardial infarct or
cerebral vascular aecident that was suspected as the oause of
deterioration my hab actmLlly been induced by dehydration,
thus fbu-her ocplicating recognition of the original oause I
of difficulty.

yperommolality is often (buit not neoesarily) coincident i
with hypovolemia and the sympt~atology of increased ccnoen-
tration merge with that of decreased volu. Hypovoleia, due
to loss of whole blood volume is disoussd subsequently in the
subection on acute volue deficits. The comonest clinical
oause of bypovolemia and ultimately hyperomolality is dehy-
dration, a clinical term applied in a broader snse than simple

desiccation.

The recognition of dehydration is facilitated by charac-
terisation of urinary output. With dehydration, urine is
characteristically reduced in volume; it is highly concentrated
but low in sodium content as the body attempts to conserve
volums at the expense of tonicity. The•e findings do not
neoesmarily prove dehydration, as patients with acute glamr-
ulonsphritis may produce a mall volum of highly ooncentrated
urine with little sodius. Similarly, acute reduction in renal
bloodflow my serve to pr-luoe oliguria with sodium retention
and increased osmolar concentration. Conversely,, the finding
of a copious urine volu with increased sodium concentration
does not rule out dehydration as renal functiou my be inad-
equate or an omotic diuresis my be present.

The relationship of solute load to water requirement
depends on conuentrating ability, the rate of solute excretion
(that is, the degree of omotic diuresis) and to a lesser degree,
the predominant solute excreted. Prefeeding protein increases
concentrating ability, protracted overb•dration diAminisbes it.
With reasonably normal filtration rates and usual solute intake,
the specific gravity at. urine flow greater than 1.5 co/min
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should be less than 1.010. The finding of consistently ioo-
tonic or slightly hyperto=ic urine with outputs of over
2000 oc/24 hr should suggest that an ossotic diuresis is
pre sent.

In general, the mainstay of parenteral treatmnt of hyper-
osmolar states with hypovolemia is 5 peroent glucose in w.ter,
although 0.45 percent saline my be used to replete voluma
when water is needed in excess of salt. Isotonic intravenous
glucose solutions may be infused at a rate of 1-2 cc/min with-
out producing glycosuria (0.5 g glucose/kg/In). This is
approximately one-half the equivalent rate tolerated by dogs.
The limiting restriction to the rate of infusion of 5 percent
glucose is the blood glucose concentration and thus depends
on antecedent diet and nutritional status as well as the factors
which influence the action of insulin.

For practical purposes, infusions of 5 percent glucose
behave as if only water were infused. There is an appreciable
lag to diuresis following glucose infusion that is not pro-
portional to the rate of infusion, and hence is not explicable
by rate of fall of plaia oinolality or the rate of expansion
of body water. This phenomenon most probably represents the
lag time for the disappearance of all circulating antidiuretic
hormone. Peak diuresis, on the other hand, is directly related
to load and loading rate. Diuresis persists after cessation
of infusion for a one to two-hour period, independent of the
amount of positive water balance accried at the end of infusion,
although the amount of urine produced over this period is
clearly load-related.

In normal individuals, a diuresis of over 35 cc/min may
be achieved for brief periods, but it is difficult to sustain
water diuresis above 20 cc/min for protracte4 periods even with
constant water intake. If continuous dater intake substantially
exceeds the rate of output, urine flow my abruptly fall as
symptoms of water toxicity appear. Because there is an apparent
floor to solute concentration in urino of about 80 zOs/L,
continuously high urine flows are necessarily solute depleting
(especially of sodium and chloride). Hyponatremic and hypo-
chloremic states as well as most chronic debilitating diseases
impair the ability to excrete a water load and diuresis may be
absent, reduced in quantity, or delayed. Pain, fear and many
drun atimulate antidiuretic hormone (ADH) release and my in-
hibit the production of free water and excretion of a positive
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water load. Thus. gluoose infusions are an unreliable thera-
peutio mans of inducing a sustained diurests, e.g. after drug
ingestion, when a high rato of urine flow is desired; an omotic
diuresis with as non-absorbable solute such as mamnitol is
preferable.

Parenteral T-herapy of Acidotic States and the Therapeutic Induction of Alkalosis

Severely acidotic clin:.cal states are frequently comli-
oated by coincident azotemla, hypercapnia and hypoxia so that
the etiology of specific syqpto is difficult to deteruire
with certainty. The most coemon cause of severe acute acidosis
is the retentive ecccwmlation of organic acids, especially
lactic acid or keto-acids duo to overproduction or ancxia.
loss chronic and usually less sevwre satabolic acidosis is
most oomsonly caused by protracted loss of alkaline intestinal
secretions. Arter:i-tl blood pH values below 7.25 are associated
with mental disturb3icas and possibly oam; jactitatione,
papilledem and arrytbaias may occur. Cardiac output is
increased and peripheral blood flow and beat loss is accentu-
ated. Severe acidosis is paieticularly deleterious in the
presence of a borderline cardiac ocpensation as the greatly
incasaed cardiac deAand and the diversion of blood frce vital
organs may initiate a vicious cycle of acidosis failure
anoxia more acidosis, and so on. Death is inLient with a
blood pH that is slightly below 7.00.

The aia of therapy is to decrease the causative factors
of acidosis, e.g. anoxia, carbon dioxide retention or insulin
lack. In addition, sodin bicarbonate or lactate solutions
are generally uusd. Rapid 3hifts from n wre acidouic to
overt alkalouis should be avoided because of the risk of in-
ducing arrbytbadis. Hypoolowia with oovulsions may also
occur wvth o rc.-rettioa tr r~i &o.i of +tabo'
alkalonis5 eopecially in children.

The "bicarbonate deficit' is unrliable in assesaing the
degree of acidosis since other buffers, notably hemoglobin,
tissue proteins and possibly the skeleton are involved in
cispenamtion of what can be considered a proton load. To

estiwmte the bicarbonate needed, a general rule of thumb is
to subtract the observ•d bicarbonste from an ideal normal of
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approximately 27 .)VL and to multiply this differency by 14
percent of body weight, i.e. a value suamwhere between extra-
cellular volume and whole body water. Usually, only half of
the deficit is given in the first 24 hours. In situations of
extreme acidosis, e.g. methyl alcohol poisoning, it may be
desirable to give extremely large amounts of bicarbonate rapidly
until urine pH becomes alkaline. Calculation of bicarbonate
distribution under these circmstances my reveal a substantial
discrepancy between the amount administered and that amount
retained in the chloride space or excreted in the urine which
confirms the existence of umeasured cellular buffers.

Intravenous solutions employed to increase plasma pH
contain bicarbonate, lactate or acetate. In theory, all are
similar because acetate and lactate are rapidly metabolized
to bicarbonate. Bicarbonate, or its equivalent, may be given
as ooiercially prepared balanced isotonic solutions, usually
containing about 30-45 n)s/L of base excess as one-sixth molar
or one molar lactate, or the desired amount of bicarbonate
my be added to other.fluid requirements. More concentrated
solutions of bicarbonate, e.g. five percent, are occasionally
employed but lactate containing solutions have generally been
accorded the greatest popularity, perhaps due more to famil-
iarity than on a scientific basis. Even though it is produced
by fermentation, a process more expensive than chemical, lac-
tate is used preferentially to bicarbonate in the manufacture
of balanced solutions that are stored, because bicarbonate
solutions tend to decompose with the formation of insoluble
carbonates. Available solutions of lactate contain tuh- racemic
form of tha substance although the metabolim of d-lactate is
substantially slower than that of 1-lactate. /2/ Lactate and
pyruvate concentrations in the plasma my rise tempoaarily in
normal individuals receiviug lactate ion. Acetate solutions
are more stable and potentially cheaper to produce cemically
but have had limited use except for peritoneal dialvsis.
Plasma lactate and pyruvate do not increase with acetate,
and plasma clearance of acetate is rapid. in certain circu*-
stances such as in diabetic acidosis or in =-weic petients
undergcing chronic lialysis, there appears to be a slowing of
the wtabolism of acetate ion; hence, limiting its utility.

k special case of acute acidosis is primary lactic aci-
dosih in which the defeclt seems to be the irreversible con-
7ersion of pyruvate to lactate which accumulates in extra-
cellular volume producing a severe, progressive, and often
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lethal retention acidosis. Alkali tberapy with bicarbonate
has been notoriously unsuccessful in promting salvage sug-
gesting that reduced plasma pH is the misdirected focus of
therapy.

Parentcral Therapy) of Alkalosis

Clinioal states of alkalosis are less commn than acidotic.
states and the infusion of acid to correct severe alkalouis is
seldom required as an emrgency mamure. Although respiratory
alkalosis is freqnent, especially in patients with &=.ety ox
central nervous system, injury or disease, the syMtoms are
relatively minor and nay be smjliorated by rebreatbig ('r 002
administration. The respiratory alkalosis of salicylate in-

* tozication or liver disease is also due to central nervous
s~imulation, but these saltes are complicated by ooinc;.dent
or potential metabolic acidosis ind my fare poorl.7 with 002z
therapy. Metabolic alkalosis is most inaonly seen after
protracted vomiting, nasogastric waction and diuretic abuse.
It nay also follow successful therapy of acute pulmonary in-
sufficiency with respiratory acidosis, I.e. patients who have
suffered prolonged renal losses of abloride whos& alkalosis
will persist until the chloride deficit is reploted. In most
instances, repletion of chloride ion as sodium chlorids is
adequate therepy because renal excretion of sodium bicarbonate
continues -untU chloride deficit is abrogated. Coincident
po'assium deficiency may intensify the metabolic alkalosis
(vide infra). When chloride must be givon without sodium or
potassium, ammniumn chloride may be used, except in patients
with liver disease who are prone to hepatic oom. Hydrochloric
&acid Wa be adainstered as a one percent solution,. or the
hydrochloride of arginine or lysine may be given.

P.arenterai Pntavsuum Thierapy

Potassium deficiency is most often due to exaggerated
renal loss, e.g. with chronic thiazide adminlatration or
secondary hyperalcksteronism. Substantial loav by the way
of the intestinal tract is less frequent, e.g~. laxative
ingestion for many months. Because pottassium is effectively
conserved by the normal kidrey, albeit scehat le"s efficiently
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-than is nodium., clinical deficiency cLausd by extzwirenal loss
requresweeks to develop. Equilibrilu is achieved with

potassium int~msu as low as 10-15 ngq/day. Most natiirel foods

Hypok..lemia is often., but not invariably., found in
potassium defi4ciency states. Sodium balance intiimtely affect,6
wnrm pottassium and with severe malt depletion, serum potassilum
may be increased while body potassium is reduced. Although an
oversimplified tautology, the pbysician should re call vhen
potassium leaves the cell,. sodium and hydrogen. replaces it,
and when potassium lossen are repaired and potassium enters
cells, this ion flux is reversed providing for 3K = 2N&+ lB'-.
The association of acidosis and release of cellular potaosium
into the blood, sand of hypokalenia with alkalosis is then
i~derfftood. Similarly, the renal taublar exchange of potassium
or hydrogen ion for sodium cha~racterives urine pH - when the
renal tubular cell is actively conserving potassium, urine is
acid; mhen the renal tubultr cell is wa~ting potassiumn, it
excretev less acid and urine is alkalin Thuso the paradoxical
aciduria of metabolic alkilosia associated with potassium
deficiency -ccurs on2ly with extrareval causes of the potassium

deficit. Since Aidrini1s :bility to ooncentrate the urine
occurs early with potassium deficiency., the ftiadig of an

depletion should suggest an alternative diagno&4 .s. Urine
potassium concentration bel~ow 10 mI~q/L supports an impression
of potassium deficit., and monitoring of urine concentration

sium deficient patients waill not excl-vte infused potassium
beyond minimal levels provided sodiumt reabsorption is not
excessive.

The uptake of glucose and production of glycogen by the
liver my further reduce serum potsissiux end glucose infulsions
m-y precipitate hypokalemic pa-ralysis in subjects already
potassium depleted. For thia reason, glucose infus ions should
be withheld 'until petassium, deficit is substantially repleted
and parents ral potassium should be added to saline rather than
glucose if severe hypokalemia Ia evident.

When potassium depletion, with or without 1iypokalez:.a,4
is associated with arrbythmias, muscle paralysis or ile'uL-,
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partial rapid repletion of the potassium deficit is desirable.
As the amount of potassium which has actually been lost isI clinically difficult to estimte short of whole body counting
or by isotope dilution, therapy for the patient with norml
renal function is primarily directed to give a modest excess
of potassiua and to depend on renal excretion to adjust for
overtreatment. In the presence of oliguria or renal failure,
pasenteral or even oral replaoent thorapy mist be approached
with caution. The potential irreversibility of the renal
lesion of potassium deficiency suggests that even modest de-
pletion is undesir'b1e. Uen clinical circumstance indicates
the likelihood of continued potassium loss, especially with
symptows possibly caused by potassium deficziency, the pre-
ventive treatment of potassium depletion is justified. If
potassium cannot be given orally, parenteral administration
is advisable.

The practical approach to parenteral therapy requires a
ready willingress to include potassium in parenteral. regimens
with special attention to correction of coincident deficienzies
of sodium and chloride. Once urine flow is assured, and in
the absence of accelsrated tissus catabolism, potassiva can
be given in solutions of 20-/40 Aq/L at a rate not exceeding
20 u~q/hour.

Kunin et al /3/ and Clementsen /4/ indicate that potassium
Way be infused at 40-60 mzq/hr provided that glucose is g ien

simIltaneously. The presence of severe potassium depletion
may limit the rate at which potassium salts may be infused
safely. Animls deficient in potaselux aie readily made hyper-
kalemic at rates of intake of potassium tolerated with impunity
by Anmals previously fed a potassiuR excess. TABIE IV.
Becai-se hyperkalewia may rapidly develop, alectrocardiographic
monitoring is advisable with parenteral potaasimt iufusions.

The most oomon clinical cause of hypokaleuia is upper
intestinal aspiration. The splinting of the upper gastro-
intestinal tract by continuous gastric suction is a cmon
procedure of surgical managewent. That hypochloremic alkalosis
and hypokaleaia nay occur is broadly acoapted on most surgical
services. The mechanism of such alkalosis, ofteu incorrectly
ascribed to the rwoval of potassium in the gastric aspirate,
is a result of the progressive depletion of chloride, as chlo-
ride concentration in gastric aspirate is generally in excess
of sodium. Becuase of mild dehydration, hypovoleola and
surgical stress, there is a coincident stimulus for sodium

I'r•'¶,:'t (',,iicpl�t~. V v'i (1. Srptcmhcr 1971



IIrw , qli". of I'jreiacraI lwrcrei~i kul',,i aund (lripiacbg

TA~RU IV

DIETARY IhEPEUT ON POTASSIUM TOLERANCE
Mortalitty Figures on Four Groups of Eight Rats'

ORAL STRESS PARENTrERAL STRESS
(100 grnl4hr)

K Itae 21S 511 10 Intake 0.1 mEq 0.5 mEq 0.1 mEq

l ow 0 2 9 9 Low 2 8 .. ý

Normal 01 0 3S Normal I 2 8

I igh 1 5Hg

Rah tcpr-Ied pota%%ium arc rcLt~tnt to potaisurn strevs rats depleted of potaw'umarc senmitized.
Oral -trc~s wajs induced hythe addition to dnniking water of increasinfly concentrated solutionts of
K(1 for four days..Wt 2-10prcn solutions. gavage, feeding was employed bccaure some rats
ttufuscd to drink; the volume adminitered was the avenage imbibed by the one-percent poup.

Parenitcral stress wast given :ntr-aperitonca!Iy in 2 cc volume; sodium chloride %%2s added to the
more dilute solutions of potassium to make 211 solutions cquimnohe. Nephrectomny increased over-all
mortalitv but failcd to alter the relattve protection of antecedent prefeedingr or the sensitivity of ante-
cedent depletion. indicaiting that the effect is most hikcl) operative at a cellular level. Mechanism of
death;%s unknown hbut probably due to acute cadiac arrhythmia.

retention. Bypokalemia. also reflects the renal adjistmsnt
as more potassium is excreted in exchange for sodiuma in the
presence of alkalosis. The degree Of~ alii is usually
moderate and its importance is more to stiztulate recognition
by the physician of the abnormal physiologic State than to
constitute a serious stress to postoperative recovery. If
fluid andi caloric requirements are met., potassium need not
be added for ei-yerl.l days.

Potassimr cencentration in gastric fluid is generally
below 20 m-Ma/L anri falls With continuous gastric aspiration.
Removal of severa2. liters by gastric suction withdraWs from
the body less that, 100 nEq of potassium., andI deficits of this

magitdeare tolerated with Iiapnity by the individual not
previously depleted. Howeveri, the Superimposition of glucio-
corticoid stress undier these circtmutanoes my provoke a drop
in sertm potassium and the dyeVo0PMt Of mild metabolic

1'rescni (,ipti -pti. VtiI V Vei 9. Sepicnzbe- 19 71



PrI::im,,'I ,,J I'r Run i ,at f Ili( rapv i ,ubitu ::d (T:t4 l ta: At

alkalosis with minimal change in overall body bhlance.
Similarly, the elevated serum potassium in nephrectomized
adrenalectomized dogs allowed to develop an Addisonian crisis
is substantially corrected by glucocorticoid administration
indicating that the gradient of potassium across the cell
membranz is critical to its plasm concentration, independent
of whole body content of potassium. With protracted gastric
aspiration, parenteral administration of potassium is advis-
able, especially in patients who have been chronically ill
and are likely depleted of potassium before surgery. The
problem may become further compounded by the need to admin-
ister glucose feedings which promote glycogen production, as
serum potassium may decrease further and cardiac arrhythmias
may result, especPlly if the patient is digitalized.

The repletion of potassium losses under these circum-
stances is dependent not only on the administration of ad-
equate amounts of potassium, but also on the concomitant
administration of chloride ion. The use of such pota3sium
supplements as gluconate, citrate or phosphate may fail to
correct alkalosis and hypokalemia unless adequate amomuts of
sodium chloride are also given. As the primary mechanism of
alkalosis is chloride deficiency, the use of ammonium chloride
or lysine monohydrochloride might be considered and, in most
instances, the serum potassium will rise.

The amount of potassium that can be conveniently and
safely given parenterally is limited and full repletion of
body stores must usually await reinstitution of oral feedings.
Ideally, the potassium requirement should always be given by
mouth and preferably with normal foods. The institution of
a reasonably normal diet with offer at least 60-80 mEq/day.
When larger amounts are required, potassium supplements are
useftal, but enteric coated tablets containing potassium chlo-
ride should be avoided, as small bovel ulceration and stenosis
have been reported.

The ratio of nitrogen to potassium in protoplam is con-
sistent from calculations ba&ed on losses during starvation,
retention during repletion of protein deficiency and from
direct carcass and muscle analysis. Hovever, nitrogen can
be retained (protoplas formed?) in absence of potassium.
Figure 2.
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I ic 2 (;rihit iI~u~tration of testostcrone-induced positive nitrogen balance occurring in the prcwnn-c
,[f puitaw~uum depiction.

ACUTE: VOLUME DEFICITS

The fundamntal defect in shock is a reduced perfusion of
tissues to a. degree insufficient to sustain jstabolic function.
This may be due te E de~cline in blood pressu~re or increase in
the peripheral resistance to blood flow as well as to inadequac~y
in blood volume. The stupor, coldness and pallor of the skin,
weakness of the peripheral pulse, and oliguzia represeent the
effects of decreased blood flow to specific organs. In addition
to the initial iscebuic derangsimnts of prinary function, a
series of secondary deleterious metabolic effects involving the
liver, brain, kidneys and endocrine glands exaggerate exid per-
petuate the shock state. Accomipanying these secondary changes
is acidosis, reflecting the altered oxidative metabolim of
tissue. From the point of view of parenteral therapy, the
critical repletion is that of volum, as the fundiamental treat-
ment is improveusnt of oxygenation of tissues., rather thin the
temporary correction of pH.
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The central blood volume is about 50 percent of whole
body blood volume and it is equally divided between the
thoracic contents and the splanchnic bed. Approximately 75
percent of the blood is normally contained in the venous
system and an additional 12 percent is in the capillary beds.
Because veins and capillaries constitute a low pressure
system, small changes in pressure may cause striking changes
in volume. The converse holds true in the arterial bed where
volume elasticity is minor and large changes in pressure may
occar independently of arterial volume.

In defense of the plasma volume, extravascular albumin
is released from the liver and lymphatics in an attempt to
maintain oncotic pressure and thus draw fluid from the extra-
cellular space into the plasma. As the extracellular space
is some five times the plasma volume, it may be considered
an unlimited volume reservoir provided sufficient protein is
available to maintain the necessary oncotic gradient. The
plasa protein reserve is modest and probably no more than
25 percent of total bcdy albumin exists ext-'vascularly. The
response to acute hypovolemia is therefore limited, and after
the plasma protein reserve is mobilized, further correction
of hypovolemia depends upon transfusior -f aJlkmnn or plasma
or the introduction of an oncotic equivalent.

A number of plasma expanders have been utilized. These
include materials prepared from natural biologic products and
artifically synthesized macromolecules. In general, none
have proven ideal, and such complications as retention in the
reticuloendothelial rystem, allergic reactions, antigenicity,
disturbed clotting, capillary fragility, thrombosis, aggrega-
tion and clumping of erythrocytes, and impaired flow through
small vssels resulting from increased viscocity have been
noted. Artificial expanders such as poLyvInyl-pyrrolldone,
gelatin, and hydrozyethyl starch have been gradually sup-
planted by a dextran. Biologic products such as lyophilized
plasma and modified human globin have proven less satisfactory
than concentrated human albumin.

In burn cases, decreased plasm volume occurs secondary
to trapping of plasma outside the normal vascular volume, as
well as those losses due to weeping and evaporation. A
similar transcapillary exudation occurs with certain bacter-
emias. With intestinal obstruction, largs quantities of
plasma and its ultrafiltrate may be rapidly conpartmentali.ad
as an unphysiolcogic "third space' in the bowel lumen. With
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barbituate poisoning or endotoxemiO infections, rassive
splanchnic dilitation may trap a substantial portion of the
blood volum. In these instances, the par~,nteral therapy
required is substantial and often of massive proportic-n. Even
in these coplicated examples of hypovoleuja, recognition of
the exact cause of shock is often less imdiedtely vital than
its alleviation, but ultlmately is critical to successful
-nagewent.

As plamsM volume reflects the extracellular volume of
which it is an intimate part, decrease in extracellular volume
for any cause increases sensitivity to shock; and sallti
preloading is protective. Figure 3.

NORMAL DEHYDRATED TF.-ATED

ECF ECF
-~ I

ICF ICF , ICF

II
BODY WATER 55% 40% 50%

OUTSIDE 1:3 1:2 l:13•
INSIDE

] EXTRACELLULAR FLUID
PyTPACELLILA! FLD

I 3 Relativc dIsLrinuion N-Id cora.par•aentahmzaZion of body water in -nrmalc) and in dchydrauton
uilh and withoul partial saline replaccment.

PIRFNITI'RAL TiftRAP) I\ RELATIONSHIP TO SURGERY

The management of a patient through surgery is a test of
the physician's understanding of fluid and electrolyte problems.
Coincident with the direct trauma to tissue may be probleus of
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anesthesia, immobilization, .starvation, protein depletion,
dehydration, sweating, renal and cardiac insufficiency.
Relative hormonal deficienci.s or imbalances involving the
pituitary, thyroid, and adrenal glands may develop. Inad-
equate replacement of acute deficits because of vomiting,
diarrhea, upper or lower intxtinal aspiration, and others,
may complicate the issue.

The imobilized postoperative patient depends upon
medical action to maintain body homeostasis. Saperimposed
is a hazily demarcated syndrome generally terms "the injury
reaction". Despite extensive study two decades ago, surpria-
ingly little is known about the mechanism of this catabolic
stress. It is composed of a series of physiologic responses
that append surgery and influence fluid and electrolyte man-
agement. These responses include an increased urinary
excretion of nitrogen, the loss of body weight consistent
with the mobilization of fat stores, an increase in body
temperature, pulse rate, and oxygen consumption despite a
ieduction of respiratory quotient, and diminution in urine
volume with increased urine concentration. Sodium retention,
potassium loss into the urine, hyperglycemia, and increased
urea production due to enhanced catabolism of protein char-
acterize these states. Cellular loss of potassium with hyper-
kalemia and fat mobilization with hypertriglyceridemia may
also occur. With diminution of urine output, there is an
inability to excrete salt-containing parenteral fluids despite
an increased solute load of urea due to prerenal azotemia.

An increased secretion of adrenal corticosteroids could
explain many of these findings, but the injury reaction may
occur in the adrenalectomized patient receiving constant doses
of gluco- and mineralocorticoids and is minimized in the very
sick and in the very old. This surgical response is maximal
in the robust young, healthy patient underoing elective surgery.
The fact that these physiologic changes are the normal and
usual accompaniment of uneventful surgery should be recognized
by the physician. Attempts at their modification by large
doses of androgens, high protein feedings, and other measures,
have been largely temporary in effect. A recent trend has
been preoperative anticipatory treatment with loading of water,
potassium and protein for repletion of unrecognized deficits. /5/

The duration, as well as the magnitude of the response
to surgery depends to a large degree upon the overall health
of the patient and the extent and type of surgical procedure
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performed. Especially prominent responses occur with invasion
of the pleural or peritoneal cavities or with trauma to the
skeleton. When surgical complications are superimposed, the
pattern of metabolic rebponse to surgery is further altered,
and recovery is deferred as starvation and immobilization 8re
prolonged.

Postoperative parenteral therapy depends on the degree of
derangement ard the time anticipated before oral feedings can
be restumed. if recovery is rapid, and postoperative course
uneventful, the potentiality of electrolyte depletion my be
neglected and a vates, intake of approximately 1000 cc in excess
of urine volume given daily. Preferably, this should be as a
10 or 15 percent glucose solution to minimize protein catabolism.
If oral intake must be postponed until the fourth day or longer,
modest amounts of sodium may be added to match urinary excretion,
remembering that salt retention is the usual acute response to
surgery and a natruresis may be prominent during the later
recovery phase.

As potassium deficits over 100 mEq may approach pathologic
significance, potassium balance should also be considered.
Homeostatic requirements of potassium during prolonged parenteral
therapy are readily met by the inclusion of potassium parenteral
regimen in concentrations of 5-10 mEq/L plus additional potassium
to make up known external losses. The amount required must be
assessed individually with a concerted effort to give potassium
slowly and to implement oral intake as soon as poscible.

There may be some advantage of giving phosphate in chronic
parenteral therapy because phosphate is the main intracellular
anion, and presumably behaves in parallel with tissue potassium
movements. There is also some evidence for a phosphate deple-
tion syndrome in man characterized by anorexia, weakness,
skeletal pain and malaise which can develop with protracted
low phosphate intakes, especially if phosphate-binding gels
are ingested. /6/

Whether magnesium should also be administered is uncertain,
although prolonged parenteral therapy of magnesium-free fluids
will undoubtedly result in mild mangesium depletion. However,
there is inadequate clinical correlation of symptomatology
with serum levels and quantification of body magnesium stores.
The adult human body contains about 25 grams of magnesium
equally divided between bone and soft tissue. The metabolism
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and excretion of magnesium varies with a wide variety of
pathologic and physiologic a~lterations and is only partially
related to intake. Average excretion in the urine is
100-=0 ag/day on an intake of approximately twice this
amount. A -ininium requirement for magnesium in man has not
been define-d, and production of experimental magnesium do-

maisienc bwinthedsrawocuing aansu frmthe ocndietions wiee-
reoute oonrt pt~aftero aany wes obclinical Fan deficinyidi-

inseyi ishoteer is cleritcly diaognosie citeari-al, esereclevel
-: balelo 1.n0 lambjshol alrThe plnca yndician ton the osibiler

prseo hyof magnsiu defic utiensscy.iastric wice co~ntains
wpichxin levia1.0 by/ aivng magnesium deficinot bay occurg
ainm patienes witspcle trmos..tritchciong oiare withebyptsso
thomlr. bn onelulsionbis smyfalsc.urit pRolonged develsenof

magesim i th sea ccu ina umber of condictions with-
magnoesit should be sufficient to maintai dagnesienc balance,
ficut toaderfionts mayl bhe preseded torelt antncedent defia-

syptase. possbydft magnesium deficiency, &r uc condtaions
dppcx~tly1. xq athagesu deiinymaynesiur
in atent wth roongZ avo ridch auctionar dwitatioypando

theseal bowetinlie pborofuse swraeatWing, orolexterna drainagenc
of paalinteblepnrai fluid, hhrpteincuso or lo intestinalyo
secretioshol The intestienal taclosseintare mgessentbalane.
ibuolargto launsmyb aneedtheir replaeteanteiscubstntdeic-l
isotnicy oifm chlorgeide is donsidertdiascations owmtaoicth
lsisku orapossis due to iantestinal lossces has endisiossed

A tesifiple sc hereaofrepeteac lsset of intstna secretions.2
ihse shwnigh TABlud profuse swacid-bas orexternal daritrary
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the chloride content. Note that normal saline falls within
the range of the aoid-base index of gastric aspirate and,

repleted with saline. Pancreatic secretion is highly alkaline,

especially in the case of pancreatic fistulae, while aspirates
of the upper bowel are less alkaline due to acid stomach fluid
admixture. Despite extensive praootional literature extolling
the advantage of solutions whose composition aims to mimic
specific intestinal losses, most patients with normal kidny
function are able to adjust urinary excretion to compensate
for moderate alkalosis or acidosis if only saline is given
for replacement. However, in the case where several liters
of f.uid, arc, being drained or aspirated, it behoovou the
physician to institute careful collections of all exteriorized
secretions, to measure their volume, and to analyze thes at
least for sodium chlorlde and potassium. In practice his
general principle to follow is - implement Judicious re-
placement of known losses and then give scvemhat more than
is lost so as to replete previously unrecognized deficits.
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renal failure. In Renal Failare. Philadelphia
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2. Watten RH, GutMan RA, Fresh 3J: Comparison of acetate,
lactate and bicarbonate in treatitag the acidosis of
cholera. Iancet 2: 512-514, 1969.

3. Kunin AS, Surawicz B, Sims EAH: Decrease in oear potassium
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Acute tubular necrosis and other nephropathies have
contributed to mortality and morbidity in war-related injuries
and diseases since accurate medical recording began. During
World War II, 40 percent of severely wounded casualties had
some degree of acute tubular ischemia at postmortem examina-
tion. /1/ In the fib-st year of the Korean War, morphologically
detectable tubular necrosis was seen in 18 percent of the
autopsies carried out after battlefield deaths.* Mortality
rates among patients with acute renal failure accompanying
war-related injury and disease, determined primarily by the
severity of the underlying condition and associated compli-
cations, have varied from 10 to 90 percent. /1-4/

The management of acute renal failure is challenging
and involves meticulous attention to the details of fluid
and electrolyte therapy. Development of effective methods
of dialysis has provided an additional modality in the treat-
ment of acute renal failure. Its adjunctive value is being
evaluated in the combat setting of Vietnam.

The purposs of this report is to present the author's
experiences in the treatment of acute renal failure as it
occurred in the battle zone enviroznent of the I Corps region
of Vietnam while he was aboard the US Navy Hospital Ships
SANTUARY and REPOSE from January through October 1970. The
diagnostic criteria, etiologic factors, modalities of manage-
ment, clinical complications and results of the management
are presented and discussed. Guidelines for improved methods
of treatment are suggested based upon the results of the study.

*In part. aI articic ipparcd in US' Aoatv Med 57:1971

÷Ncphrohlgm,. NaialI Ihopilal Oakland. Oakland. Cahifornij 94627

*Shrciner (I Per, Mhal c"pcrcnk-c. Korean War. 1951
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In January 1970 a program for the treatment of patients
with acute renal failure was instituted aboard the USS RFeose.
When that ship left Vietnam waters in MArch, a similar facility
was established on the USS Sanctuary. The dialysis unit con-
tained two beds, bed scales, a Travenol® 100-Liter Win Coil
artificial kidney and material for peritonoal dialysis. The
technical staff included two nurses and four corpsmen trained
in the operation of both hemo- and peritoneal dialysis.

Patients were evaluated on admission by the author.
Surgical consultations were obtained as indicated. Baseline
weights were determined, followed by daily, pre- and post
dialysis weights. The following laboratory studies were
obtained on a daily besis: complete blood count, blood urea
nitrogen (BUN), serum electrolytes, calcium and phosphorus;
coagulation studies - prothrombin time, partial thrombo-
plastin time, fibrinogen and platelet count; blood gas
studies -arterial pH, pO2 and pOO2. Routine urinalysis -,s
performed on available admission urine as well as electrolyte
concentrations and evaluation of the sediment for formed ele-
ments. Urinary myoglobin and hemoglobin levels were also
determined. Cultures were taken of all wounds, drain sites,
sputum, blood and urine on admission, every three days there-
after, and at other times as clinically indicated. Blood
cultures were also obtained after each dialysis. Retrograde
pyelography was performed when historioal factors or physical
findings suggested possible obstructive uropathy.

N.,ute ofI RenaI h,,lur

Tventy-four patients were referred for care during the
nine month period described. TABLE I categorizes the 24
patients by sex and national origin. The nean age was 25
years. All but. five of ths patients wore active duty American
military personnel. The referring facilities inc~luded the
major military and civilian hospitals in the I Corps area of
Vietnam. TABLE IM. The mean time from injury or onset of
illness to transfer to the dialysis unit was 4.5 days, ranging
from 2 to 9 days. In 19 of the patients renal failure followed
trauma; nontraumatic conditions were etiologically related in
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I'ABI I- I

PATIENT DISTRIBUTION

TOTAL 24

SEX Male 23
Female I

MEAN AGE 25

AGE (2-47 years)

ORIGIN MILITARY 22
American Is
Vietnamese 3
Korean I

CIVILIAN 2

1ABLI: 11

RIEFIRRAL DATA

F4A0ILi rY PATIENTS

SANCTUARY 6
85th Evac 4
NSA 3
Ist Mcd. 6
REPOSE 2
Hue Prov. 2
95th Evac I

five cases. With the exception of two Cases with extensive
bmrns, the trauzatic injuries were ibe result of a wide
penetrating-comabat-missile spectrum. TABIZ III. In the
nontrauma group, one instance of each of the following con-
ditions was encountered: falclpartm uluria, reticulu
cell saroma with hyperurioemia, methanol ingestion, acute
glomrulonsphuitis and prolonged diarrhea with dehydration
and shook.

TABLE Ir records the total number of exposures to
potential etiologic antecedents of acute renal failure that
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were vxp~erienced. Although nearly all Patients had received

blood, no transfusion r-eactions were documented. Hypotension
of variable severity either at the time of injury or during
subsequent surgery, i-iffuse sepsis, and brief courses of
therapy with nephrotoxidc antibiotics were common. No cases
of obstructive uropathy were discovered.

TAB[ E. Mi

1:RFRQ11- NC Y OF O RGAN TRA UM A

Exlrerit~e\16
Stsl* ltý,uc. lirtj( Krt. 9
Niulliple Jflipu~zttion 5 J
Sir.yc .imputlllon% 2

B'.we 12
I SIK

Liver 4
soleen 4

Vm:.sla~r
Kidnceý 3
('NS 4
Burn,.

i'ABLE IV

RENAL FAILURE ANTECEDENTS

Irrantcrimomi 17

Scp'.pr. I io

10
k.,neijn% (in. strcptomvcln.

(.i.C litc aIter failure
pe1. tirtu'in

Twenty-one of the referrals suiffered an olig-iric fc'M Of
kidney failure. There were three patients - all with bilateral
amouta.aions of the 'Lower extremities - who presented With
rising BUN and seruim Dpotassium levels despite urine voluiner
over one liter zer day. For those with oliguria, the mean tine
of onset was three days postl, injury or illness, with a range
of 0-5 d:L s. The avera~s duration of oligguria was 8.5 day's
with a range of 2 to 15 days. Diuresis failed to occur in any
of ithe patients wh17 expired. TABTZ V.
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Non-olguric3 patients
Mean onset post injury 3 days (5-0 days)
Duration (survivors) 8.5 days ( 15-2 days)
Diuresis (expired) 0 patients
Survival time of thws

expired I I days (3 1-1 days)

Mean admission laboratory values and rangas are shown in
TABIE VI. The low bematocritis occurring in the majority of
the patien~ts were the result of blood loss due to tramm and
a variety of coagtilopathies. Elevated heniatocrits: were present
only in ths two buirn patients. Elevated white blood counts
reflected the septic or stress-hypoxic astates in which most
referrals arrived. TIM BUI' s were not excessively elevated
because of the relatively short periods of shutdown prior to
tr.ansfer. Hyponatrenia. was eow~on in both the trauma and
nontralmia groups except for those with burns who were hyper-
natrm~ic. Due to frequent nasogastric auction and intestinal
diversion procedures, hypchlomrie-hypokalemic alkalosis was
nearly as comon initially aa hyperkaleuia with acidosis.
Severe acidosis was observed in patients with combined massive
tram and aignificant hypoxemia from pulmonary coimplications.
in can be seen in TABIE VI, bleeding and clotting abnormlsities
were frequent. The two mejor typea of disturbance were a dif-
fuse intravascular coagulation most ofte+n associated with
septicemia., and the factor-deficiency syndr associa'ted
with atiltiple transfusions of stored blood. 'The single patient
with falaipariz mAlaria developed an isolated throubocytopenia
related to the disease and quinine tberapy. Blood gas deter-
mirations reflect the high~ inc~idence of pulmonary problems.
The usual. physiologic defect was a ventilation-perfusion im-
hs~lanos with hyooxa. and bypocarbia. The underlying pathology
in nearly every case was either severe lung contusion, necro-
tizing pneumoniti3, or thb so-called Nwet lung syndrome". /5/
Urinary electrolytes and sediment analysis were valuable in
assessing the cause of renal dysfunction and in separiating
those with pre-renal azotemia from those with intra-renal.
pathology. Seventeen of the 20 patients with oliguria had
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IAIIII VI

AI)MI''%I( N I A,()RAIIORY VAI IIFS

I MI AN RAN(;I

I lcmatocri
(111) 31 50-19

White blood cells
(cu rmm) 14.000 2.300-24,300

Blood urea nitrogen
(mgIIO0ml) 73 150-30

Sodium
(mEqiL) 130 151-110

P',tassium
(mEq/L) 4.8 7.4-3.2

Chloride
(.al'qIL) 89 105-68

Iwo3
(mI'q/L) 19 36-6

Plaltelel cotomn
(cu rmim) 120.000 32.000-278,000

lrotlhrohmin IItite
(.co 17 24-13

Partial thromboplastin time
(sce) 43 55-35

Fibrinogen
(mga I OOmI) 150 300-50

pH 7.30 7.50-6.91

PO0
(mmHg) 83 117-40

PCO,
(mmllg) 32 43-24

URINE

5Sod an m

(m )q/L} 38 70-12

0 20 mhq/L 17 patients)
( 20 mFnqlL 5 patients)

(Pigmented granular costs: 20 patients)

Presc-n; ('(,nc cp.tVo I'o V /V 9. Septenyber 197;
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urinary sodium concentrations grea-ter than 20 mEq/L. Detection
of typical p~gmnted casts of acute tubular necrosis on micro-
scopic examination of sediment proved to be the best indicator
of frank renal shutdown. These casts were found on urine
examination in 20 of the 23 patients. Osmolality studies were
of less help because a number of patients had received osmotic
diuretics prior to admission.

MANAGEMENT

Attempts to induce a diuresis were made in nearly every
patient, either at the referring facility or shortly after
admission to the dialysis unit. TABLE VII. On one occasion
diuresis occurred following the use of saline and albumin in
a paraplegic patient with unrecognized peritonitis and a per-
forated gastric ulcer. Using ethacrynic acid, a temporary
increase in urine output occurred in two others, but was not
sustained despite continued use of the drug. Response to
diuretics did not appsar to be dose related. Where transient
dinresis followed ethacrynic acid therapy, only 25 mg of the
drug was given, intravenously. Subsequent trials with higher
doses in these patients, and up to 150 mg of etbacrynic acid
and 160 mg of furosemide in others, were not successful.

TABLF Vl1

ATTEMPTS AT DIURESIS INDUCTION

NO. TIMIS TEMPORARILY
A(;i N I USED aUCCESSFUL SU"CFSSI UL UNSUCCESSFUL

I'liua cxp,,ndcr I .. 7

Hhacryric acid 9 ... 2 7

Mannitol 7 ... ... 7

Furemide 4 ... ... 4

The severity of the complications of renal failure
presented by the patient, determined the initial modalities
of therapy. Those presenting with pulmonary edema, hyper-
kalemia or serious neuro2ogic :xnifestations of uremia

l'recent (,ncepI. VWi I V N,, 9. September 19 71
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underwent hemodialysis following immediate placement of
4ainton-Scribner shunts in an available extremity. A program
of fluid, potassium and pro-ein restriction, coupled with
high parenteral carbohydrate koccasionally sodium bicar-
bonate and insulin intake, was initiated in the less critical
cases. Kayexalate was used to control ser-um potassium.
Sa.nting and dialysis -were undertaken in these patients Lhen
(a) the serum potassium could no longer be maintained below
6.0 mEq/L, (b) the BUN reached a level of 110 to 120 mg/i00 ml,
(c) there was evidence of progressive wound sepsis and delayed
healing: or kd) the overall clinical cordition precluded the
continued use of the initial conservative program. Periods of
hemodialysis varied from four to eight hours, were most often
carried out ev., _- other day, but frequently daily and occa-
sionally every third day. Regional heparinization, although
used initially, was replaced by a system in which the Lee
White clotting time was kept in the range of 12 to 15 minutes
with small, intenmit÷vent doses of heparin, and blood flow
rates were maintained continuously at. 250 to 300 cc/min.
Dialysis was carrieQ out with whole blood, packed RBC or no
coil priming depending upon the volume and hematologic status
of the patient.

Pezitoneal dialysis was used in thcse patients without
marked catabolixm who had intact peritoneal membranes. The
average duration of this method of treat, nt was 48 to 72 hours.

In addition to managenent of the renal failure, intensive
therapy -was undertaken to alleviate underlying and associated
surgical and medical problems. Primarily this involved anti-
biotics with debridement-drainaee orccedures for septic com-
plications, hyperalimentation pro1reins to promote wound heal-
ing, ventilatory therapy for progressive pulmonary insuf-
ficiency, and treatment of coagulopathies.

Increments of blood urea nitro=-en were calculated daily
for all patients. -1;_U3 T iii. .Tlthough there was some over-
lap, it is evident that the catabolic states of tissue damage
and pyrexia increased the rate of rise- of the BUN. In septi-
cemia patients with lar•e areas of soft tissue injury, daily
increases o'f BT7UN were consistently over 45 mg/l00 ml. Seven-
teen cf the 23 patients reQuired dialvsis. The remainder
either did not need dialysis or expired before the manifest
clinical indication for it. There were 49 hemodialysis runs

Pr, , ,S ,r
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%if AN RAN(,I°

STrau mna 28 (62-I10) •

!•Non-traunia 1 2 (31- 4) e

I'ebriie 25 (62-11I)

Afebrde 16 (30- 4) •

carried out on 12 patients with an average of four dialysis
runs per patient. Peritoneal dialysis was used six tims on
five patients. TABLE oX..p-a

TABLE IX

MODALIT!IES OF MANAGEMENT

NO. OF PATIENTS NO. OF DIALYSES _

SDialysK 17 Hemodialysis 49
lieniolialysn, 12 No. pe: pt. (average) 4
Peritoncel dijlNs,s 5 Peritoneal Dialysis

( onwcrvative (No tihlysi'q 7

?re- and -st-dialysis laboratory values are shown in
TABIS X. In ge,.'ral it can be seen that dialysis was effective
in improving metabolic parameters. BUN and electrolyte cor-
rections were intentionally made by -mall increments in order
to avoid neurologic, neuromuscular and cardiac complications.
The mean decrement of BUN was 52 mg/lOO ml per dialysis.
There was considerable variability, hMwever, as can be seen
from the table. Ultrafiltration was varied according to the
hydration status of the patients, which accounts for the wide
range of values. On one occasion urea was added to the bath
to retard the rate of urea removal, rein:ting in a 15 mg/lOO ml
increase. The situation occurred in a patient who developed
seizures following an initial dialysis during which the BUN
fell from 200 to 86 mg/l00 ml. A second dialysis was required
within 2-4 hours because of recurrent hyperkalemia. Urea was
added to the bath to prevent the likelihood of further neuro-
logic manifestations of dysequilibrium. /6/ 3

Ir,' nt ('t c,,,p i. 1.' 11' \,, Se .cptcmhcr 1971

U: 7



748

.l,.hn Rital I aihlrc" ti War Zirn- (-ioliger

I AlIl P- X

I AW)HVA IOIRY VAI II. S

-'RI IIAI Y-I%110%1i DIAl Y;I%

%fran Riangc Wall Range

Blood urea nitrogen
(ng/1 00mil) l19 208.0- 15.0 77 140.0- 15.0

Sodiu'n
(inEq :L) 133 141.0-110.0 138 149.0-128.0

Potassium
(mEq /L) 5.7 9.5- 3.1 4.0 6.7- 2.7

Chloridc
(nEq L) 88 106.0- 64.0 95 106.0- 75.0

1lC'O.•

(i-lq 1 ) 22 36.0- 6.0 19 24.0- 14.0
(Calclull -5

(,ig I/l (IW 1l 6.2 10.0- 4.1 %.0 9.6- 7.0

Blhod eij nitrogen

(figp I(l W 1) /dialysis -52.0 .114 to +15

Weight
(kg) /dialysis -2.0 -4.2 to +0.7

COMPLICATIONS OF DIALYSIS
There were five instances in which clinical complications

were related to dialysis. Two were neurologic ,ith one patient
having recurrent seizures, the other progressive lethargy and
somnolence. Both were transient and probably resulted from too
vigorous dialysis. Fever occurred twice. Once it was thought
to be a reaction to blood used in coil priming. On the other
occasion, a fever spike with parasitemla developed in the
paticnt with falciparum malaria. This occurred after he had
become afebrile and had had negative Malaria, =ears for three
days. It was conjectured that the plesiteaxia va related to
the rate of quinine removal with dialysis. Gastrointestinal
hemorrhage from unrecognized duodem•l ulcers began at the
termination of a dialysis run in one patient. His coagulation
parameters were normal at the time bleeding was first noted,
but a Lee-fnite clotting time of 20 xim~tes had been obtained
earlier in the run, following a dose of heparin.

i'rc•citt ('P,,u pis. I',,/ IV No 9. Septembcr 1971
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Tfif mrnjor ',llnlcaJ complicationa for all patiLonts from

the time of initial managpment at the referring facility until
disposition are shown in TABLE XI. The most frequent problems
were related to sepsis and occurred exclusively .'.n the trauma
group. Positive blood cultures were obtained in 12 patients
with documented 3epticemia. A single instance of Pseudomonas
meningitis was associated with Pseudomonas septicemia.

TABLE XI

CLINICAL COMPLICATIONS

Sepsis 51 Gastrointestinal hemorrhage 5
Wound infection 16 Encephalopathies; 5
Septicemia 12 Wet Lung Syndrome 5
Pneumonia 7 Acidosis 3
Peritonitis 6 Arrhythmiias I
Ahscesses 6 Hemopneumothorax I
Urinary infections 3 Atelectasis I
MeningitisI

TABLES III and XIII provide additional data on infectious
complications. (-ther relat-ively common problems were gastro-
intestinal and wound hemorrhage, encephalopathies due to
metabolic abnormalities, and the "wet lung syndrome". Severe
metabolic acidosis with a large anion gap developed in three
patients. The onset was acute in each instance and at a time
when ureIa and acid-base balance appeared to be well controlled
with dialysis. Twice an .w-ilerlying factor of sudden extreme
hypoxia was noted, but the onset appeared to be spontaneous
in the third instance. Although pyruvate-lactate levels were
not measured, it was assumed that lactic acid was the major
contributor in the absence of other causes for the acidosis.
The lack of renal tubular capacity to respond to the acid load
added to the severity of the complication. Improvement, was
achieved in one instance with sodium bicarbonate and allevia-
tion of the hypoxia. In the oth-er two cases, only partial
and intermittent cc~rrection was possible despite similar treat-
ment plup dialysis. Digitalis toxieity manifes'Zed by parox-
ysmal atrial taciiycardiat with variable atrio-vent-ricular block

1'rc'"nI 'iiu fs 11'i I V;V 9. Seplernber / 971
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INI IH IlOLIS (COMPLICATIONS

TIMI; OF ONSET

Sill' NO. OF PATI[ENTS
Prcwcnt on Admi;iion Unit Acquird

Wound inlcciions 13 3
? |•Pneumoniatnl. 5 23

Scplicemia 7 5
Peritonitis 5 1
Abscesses 4 1
Urinary infectionw 2 l
Meningitis 1 0

occurred on one occasion associated with hypokalemia. A
large hemopneumothorax following thormcentesis and massive
postoperative atelectasis of one lung following laparotomy
occurred in one patient.

Infectious complications were analyzed to determine
whether these were present on admission or acquired there-
after, in order to (a) evaluate the unit's contribution to
infectious complications and (b) to determine the association
between sepsis and the occurrence of renal failure. Infec-
tions were considered nosocomial with respect to the dialysis
unit if they were either not present on admission, or if
alteration in the dominant pathogen cultured from a septic
site on admission was demonstrated. The majority of wound
infections and most instances of pneumonia and peritonitis
were present at the time of admission. Although septicemia,
focal abscess formation and urinary, tract infections were
more often present when the patient was received in transfer,
the difference was not significant. The single case of men-
ingitis had developed before the time of admission. Although
no causal relationship between sepsis and acute renal failure
can be derived from these data, there exists a strong associ-
ation between the two entities. TABLE XIII.

TABLE XIII gives a breakdown of bacteria cultured from
various sites on admission and thereafter. Organisms were
considered dialysis-unit acquired if a new dominant organism

I'resen; Concepts. Vol IV .'o 9. September 19 71
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TABLE Xl11

INF•CTIOUS COMPLICATIONS
CULTURE DATA

ORGANISMS*
Staph. aur. Pro#. Prot. • E. conl PL A K-E M-H Alaec. Cand
(coag. +) (Indoie -) (Indole .)

I. Admission

Thial I 5 7 12 27 I' 4 ... .

Wounds I 4 6 8 14 11 2 ... .

Spuitini ... I I 3 4 3 2 ... .

Ilhood .. ... ... I 6 3....
[Irnc.....2 ... ... ...

S i. f id .. .... ... ... I. ... .... ...

II. Unit Acquired

"rotai I 2 2 3 4 6 4 1 1

wVou ind ... I 1 1 2 ... I ... ...

Sputu 1 I ... I I I 3 2 I ...
111oi~ , .I..w . 3 ... ... ...

It fl len ... ... .. ... I .
Sp. h..... •. .• . ..

Supli,. ;,ii. tSluphyhwtt'uC UUm U%

I'. 4'101 I.: u iherichia coli
11%. A "'wist4 hdguonu% 'acruginom
K-I% m Kk1.i-.idia.Enterobuctcr
M-11 'Air',.ltcrellea
A. factc. w AkculigenO 1aWcall1
('ml n (-andida

appeared, or if the site Was originally sterile or shoved
normal flora. Polymi•robial inf-etion of all Mites except
the blood and urine Was the rile; howeverp on three occasions
even blood multures were ui3nutAmoug6ly positive for two
organisms. The data show that all oultures-vhethr prjitive

I'rer,,il ('t1trep/s. VIo IV No 9. September 1971
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at admission or after hospitalization in the unit- 6Tew out
gram-negative orgarnisms in all but four instances. Again,
regardless of origin, Pseudomonas aeruginosa, Klebsiella
Enterobacter and E. coli were the most common bacteria.
Proteus was tne next most frequent isolate in both groups.
Alcalienes faecalis and Mima-Herellea were never cultured
as the predominant or sole organism and were of questionable
significance. 'Staphylococcus aureus was the principal bac-
terium in one instance of pneumonia and was grown from a -
biliary drain on another occasion. The sole case of Candida
septicemia occurred in a patient with a polyethylene central
venous pressure catheter - the tip of which was also found
positive for the organism on culture.

RI S' L.FS

Of the 24 patients referred to the dialysis unit, seven
sur-ived, 15 expired while in the unit, and two others died
subsequently in PAXGM facilities following their initial
dialysis therapy aboard the SANCTUARY. Of the seven survivors,
six i-egained normal renal function as determined by BUN, serum
creatinine, creatinine clearance, urine concentrating and
diluting ability, and urinalysis studies. The seventh patient

vith acute glomerulorephritis attained partial return of renal
function with a creatinine clearance of 30 cc/min at the time
of discharge, cne month post dialysis.

'When the survival figures are analyzed on the basis of
modalitj of therapy and type of antecedent illness, the results
shown in TABLES XIV and XV are obtained. Of seven patients
who did not receive dialysis therapy, four died. Three of the
expired patients did not require dialysis at the time of death
and one patient expired before its institution. Of the 17
dialyzed patients, four survived and 13 died -11 while in
the dialysis unit and two following transfer. Four of the
five pitients in the nontrauma group survived. In the trauma
group there were three survivors out of 19 patients.

AI
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TABLI. XIV

St'RVIVAL - MODALITY 01: THERAPY

NO. OF P.A.T1ENTS

Conservative therapy
Survived 3
Expired 4

Dialysis therapy 17
Sur'Aved 4
Expired I1
Transferred, subsequently

expired 2

TABLE XV

SURVIVAL - ANTECEDENT ILLNESS

Trauma 19 Non-trauma 5
Survived 3 Survived 4
Expired 14 Expired I
Transferred, subse-

quently expired 2

P'revett (Coicepts. "1l IV No 9. September 1971
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The causes of death arm listed in TAMIZ XVI. Jepsis
--- subdivided into gram-negative bacteremia with septic
shock, pneumonia and generalized peritonitis-- was con-
sidered the direct cause of death in 11 patients. Infec-
tious processes were a major contributor to demise in an
aadditional four patients. The remaining deaths were due
to wet lung syndrome, cerebral edema in a postcraniotomy
patient, gastrointestinal hemorrhage and acute hemorrhagic
pancreatitis.

TABLE XVI

CAUSES OF DEATH

Septic shocL 8

"1Wet I-rig'" 'vydrome 3

IPcritonitis - (;I infarclion I

Cerchrai edema - medullary

compression I

(GI hemorrhage i

I'ancrcatitis I

(OMA1" A'T.W

Acute renal failure constitutes a couplex management
problem regardless of its etiology and clinical antecedents.
In the setting of massive trauma and sepsis, the therapeutic
problems are compounded by the necessity for simultaneous
treatment of related diseases in addition to the kidney shut-
down. Nearly all of the patients treated in this series were
suffering from a multiplicity of traumatic injuries. Although
extremity wounds were the most frequent, they were often rel-
atively minor in nature. Thoraco-abdominal injuries, and
particularly bowel injuries, seemed to be the most devastating

i'rcrwnt (mnc'piv. 'ol /I* No 9. September 19 71
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in terms of patient mortality; They were frequently associated
with sepsis and poor womnd healing, and necessitated prolonged
parenteral feeding.

The etiologj of acute renal failure in the trauma groupD
appears to involve a combination of clinical factors. Two
thirds of the group had documented hypotension before the on-
set of renal failure. Nearly all caees received blood trans-
fusions, but without known reactions. Sepsis was an early
complication in these patients; however, except in those with
septic shock, it was difficult to determine the exact onset
of sepsis and its temporal relationship to the kidney shut-
down. There were no instances of overt myoglobinuaria or
hemoglobinuria; urinary tests for these substances were
either negative or not significant. Contrariwise, the causal
factors in the nontrauma group were more readily explicable
and intimately related to the basic disease process as an
accepted complication.

Oliguria was a manifestation of renal failure in nearly

all patients; but three had urine volumes exceeding a liter
per day while there was progressive rise in the BUN and serum
potassium. All cases of "high-output" renal failure /7/
occurred in individuals with bilateral amputations of the
lower extremities in highly catabolic states. The urine was
characterized by low overall solute excretion and a relatively
high rate of free water clearance. The urine volume could
be further increased with diuretic agents, but there was
little effect on solute excretion.

In general, the data from the present experience would
indicate that attempts at diuresis with either plasmh expanders
or diuretics are of little value when there is good clirncal
and laboratory evidence that oliguriia is due to acute tubular
inju.y. Often the immediate, critical problem at the t` ,-,f
admission was overhydration, resulting from unsuccessful fluid
trials to "flush the kidney".

T•he treatment of acute renal failure, as an isolated
aspect of the total disease process, was successfu3 in that
none of the patients expired as a direct result of a renal
metabolic comp-icatJon. This is not to say, however, that
further improvement J.n dialysis techniques and metabolic man-
agement could not prov-ide further benefit in treating the
basic disease and its complications. Though controlled stud.ie~s

I're'win/ (sn•p•'i . 1"d ' V No 9. Sept•',n • hr I • :i
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are lackin-, it would appear that patients tend to feel betLer
and recover more often with early and frequent dialysis designed
to restore approximate biochemical normalcy. The survival data
fail to indicate that early dialysis significantly altered the
ultimate outcome, but the time from onset of renal failure to
death was possibly somewhat longer in those expiring.

A disappointing observation was that vigorous ultrafiltra-
tion with several kilograms of fluid removal was not beneficial
in reversing the "wet lung" process once it was established.
Interstitial and alveolar edema fluid seemed to remain fixed
regardless of weight loss or the addition of mannitor or albu-
min to the patient's vascular volume.

Technical difficulties encountered were mainly those of
hypotension both in the early and late phases of dialysis, the
finding of adeque.te shunt sites in those with multiple extrem-
ity injuries, and occasional clotting of the coil or venous
tubing when attempting to keep the degree of anticoagulation
at a minimum. None of these constituted an insurmountable
problem and both standard and innovative measures could be
applied to alleviate them. Whether regional heparirizalion
should have been used more frequently in the trauma patients
is uncertain. Bleeding waa not an overall significant problem;
however, in one patient with multiple unsuspected duodenal
ulcers, who bled massively following dialysis, hemorrhage was
the direct cause of death.

The major clinical problem and primary prognostic indi-
cator was the presence of sepsis. It was extremely difficult
to ýeverse the process, and once septicemia, severe pneumoni-
tis, peritonitis or progressive wou4d infection developed, there
seemed to be little of therapeutic benefit available. No doubt
the frequency of virulent gram-negative organisms was a sig-
nificant factor. The disc sensitivity and tube-dilution studies
performed on initial cultures suggested that the Pseudomonas,
Kiebsiella-Enterobacter, r. coli and Proteus becteria shotld
have responded to the appropriate antibiotics - including
kanamaycin, gentawycin, chloramphenicol, ampicillin and ceph-
alothin -even when appropriate adjustments in dosage both
for dialysis and decreased renal function were made. /8,9/
An _dditional possibility may be that more vigorous and early
surgical debridement, drainage and amputation should be carried
out, in view of the overall disappointing results in cases
presenting infectious complications.

Prc'i',z. ( c,,• cy1 •. I ,i I IV 9. .•S i•,i cr 1 -V 1



t verail survival of Lhis group of patients was 20 percent
with all but one of the deaths occurring in the trauma group.
It is evident from this experience that the prognosis for
patients with acute renal failure depends upon the severity
of the underlying trauma or illness and its complications.
Though the metabolic consequences of kidney shutdown could be
controlled, the mortality rate was not appreciably less than
that noted with pre-dialysis methods of management. Tmproved
survival rates will have to await improved management of the
basic injuries and prevention of septic complications.
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RF(.:INT AI)VANCES IN THlE IMMUNOLOGY OF GLON'ERULONEPHRI HlS

MAJ Stcphcn R. Stcinniuller. MC

In 1827 with his description of a heterogenous group of
patients having "albuminous urine" and renal insufficiency,
Richard Bright established chronic renal disease as an entity
and provided an eponym for a large group of disorders affecting
the kidneys. By 1836, Bright had collected some 100 cases
which he presented in tabular form in the Guy's Hospital Reports
cf that year. The common denominator of these findings was
albuminuria associated with gross morphologic changes in the
kidneys at postmortem. It is probable that the majority of
these patients were suffering from chronic glomerular diseases.

Little progress was made in the delineation and under-
standing of these diseases until the systematic work by Volhard
and iahr in 1914 in which inflammatory processes of the glo-
merulus were separated from conditions which were thought to
be either primarily vascular or degenerative in origin. Since
then classification and understanding of glomerulonephritis
has remained primarily descriptive either from a clinical or
a pathological standpoint. A laclk of information concerning
either etiology or pathogenetic mechanism has made other
approaches impossible. The outstanding contributions of
authors such as Addis, Ellis, Jennings and Earle, Longcape,
and others were concerned with the clinical ard pathological
correlations of a group of diseases whose origns remained a
mystery. Ir. the 1950s and 1960s with the development of
corticosteroids and antimetabolites as potential therapy, the
lack of fundamental knowledge of these illnesses became more
critical.

Appreciating the deficiencies of the clinical approach,
a number of workers began in the 1930s to develop experimental
models of human glomerulonephritis in laboratory animals.
Many of the inherent limitations of human study could thus be
bypassed, allowing great latitude in the manipulation of
experimental material. Thus, beginning in earnest in 1933
with the work of M. Masugi utilizing poorly understood immune
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mechanisms to produce clinical and pathological disease states
indistinrTuishable from human glomerulonephritis, a new concept

of the pathophysiology of glomerular injury has evolved. Al-
though many details remain unclarified and etiologic factors
art still largely unknown, the progress to date has been suf-
ficient to create a new basis for the classification and
possible treatment of glomerulonephritis.

I-XPEIIMENTAL MODELS

Great effort has been expended in the development and
understanding of models of immunologic glomerular injury. It
has become evident from such study that two mechanisms are
operative in experimental and human disease states the
first mediated by an antibody assault formed and directed
specifically against constituents of the glomerular basement
membrane (GBM), and the second caused by circulating soluble
immune complexes (i.e. antigen-antibody complexes unrelated
to glomerular tissue) passively lodging within the glomerulus
leading to injury of this innocent bystander. Application of
these concepts of pathophysiology to human disease is impos-
sible without familiarity with the animal models from which
they have been developed.

Ncphmtmc'Ncpull,i ll"Ihc Maiszgi. Stc hlzy and Katy ulodels

tRcreir (" (. I R A el :1 led Pro, 214:191-205. 1969)

Working in 1933, Masagi was able to show the development
of glomerulonephritis in rats injected with serum from ducks
or rabbits immunized against rat kidney antigens. The char-
acter and severity of the resulting disease was related to the
strength and dosage of heterologous serum used and both acute
and chronic nephritis were produced. Figure 1. In this model
large doses of heterologous serum led to early heavy protein-
uria, and subsequent development of the nephrotic syndrome,
renal failure, and death weeks or months after. Smaller doses
caused lesser degrees of proteinuria with the gradual develop-
ment of a chronic glomerulonephritis. In both instances,
renal morphology in the initial phase consisted of swelling
and proliferation of endothelial cells, basement membrane
thickening, and occasional fibrin thrombi. later there was
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I 1g. I.
Ma.sigi modcl. Kidney from rat is injectcd into rabbit to develop antikidney antibody. This is directed
inoly against the rat kidney bascmcnt membrane. injection or rat with antikidney antiserum from the
rabbit prrdumcs nephroloxic ncphritis which is based on an immunological a-sult directed aainst the
glomcrular hawnwnel membrane. The renal disease may be either acute nephrotic syndrome or chronic
nephritis. depending on dose or potency of the antikidney antibodis given. (Good. Fig. 7.) Reproduced
with Iwrtrnission.

progressive thickening of glomerular basement membranes with
endothelial and epithelial proliferation, lobule tion of tufts,
the formation of adhesions and fibrous scars with gradual
obliteration of the glomerulus.

In the Kay model (Figure 2) nephrotoxic serum was produced
in the duck by injection of rabbit kidney antigens. In this
cast injection of the serum into rabbits was followed by a 6-8
day period without proteinuria or morphologic change after
which heavy proteinuria and glomerulonephritis developed.

Analysis by several groups has established the salient
features of these models. The toxic effect of the hetero-
logous serum lies in the presence of antibodies directed'
against basement membrane antigens. Moderate donse lead to
inmediate fixation of antibody on basement membrane sites of
the target gloesruli. This is followed by a sequenoe of com-
plement fixation and activation, chemotactic attraction of
polymorphonuclear leukocytes by a C36 7 oomplex and perhaps
liberation of lysozomal enzymes. Depletion of animls of
either polymorphonuolear leukocytes or complement averts both
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the early morphological changes and the immediate proteinuria.
In the Kay model the fact that duck gamma globulin fixes rabbilt
complement poorly explains the lack of immediate toxicity
despite antibody fixation. When larger doses of antibodv are
administered, leading to saturation of most of the antigenic
sites, proteinuria develops even in complement and polymorpho-
nuclear leukocyte depleted animals. The reason for this is
unkno-im.

Dixon's group have &!so shown that following this initial
period of injury there occurs an autologous phase with the
development of host antibodies directed against the heterologous
antibody fixed within the glomeruli. Fixation of these newly
formed antibodies to GBM-bound heterologous antibody results
in sustained nephritis and explains the delayed appearance of
disease in the Kay -odel. Elimination of this host response
by x-radiation jr neonatal induction of tolerance to foreign
gamma globulin prevents this autologous phase, permitting
gradual healing of the initial phase glomerular lesions.

-i•
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Although the intensive study of the Masagi and Kay models
has permitted significant insights into the mechanisms of
renal injury caused by anti-GEM antibodies, it was not until
Steblay's demonstration of the induction c f autologous anti-Gal
disease in sheep in 1962 that applicability of these models to
forms of human glomerulonephritis became established. The
Steblay model (Figure 3) consisted of the injection of hetero-
logous glomerular basement membranes isolated from other
species, combined with Freund's complete adjuvant, into sheep.
Animals thus treated invariably developed a fulminant glomer-
ulonephritis terminating in death within ieeks to montho. The
pathology in these cases was remarkably similar to human rapidly
progressive glomerulonephritie, showing prominent epithelial
cell proliferation with fibro epithelial crescents formation
and glomerular obliteration. The disease was transferable to
healthy animals by either cross-circulation or the injection
of serum from nephrectomized diseased animals. In the latter
case Dixon's group has shown a sharp rise in the level of cir-
culating autologous anti-GBM antibodies once their site of
removal (the kidney) is eliminated. These investigators have
recently denonstrated similar rises 4- antibody titers in the
sera of certain nephrectomized patients awaiting transplantation.

WD.IY x. I , -
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The demonstration that the immunization of sheep to hetero-
logous glomerular basement membrane antigen causes the formation of
antibodies having cross-reactivity to autologous antigens led
several workers to investigate the possibility of immunizing
animals to homologous and autologous glomerular antigens.
These efforts were surprisingly successful in a number of
hosts, which led to the production of true autoimmune anti-GBM
nephritis.

Analysis of the histopathology of all these models of
nephrotoxic nephritis by immunoflourescent techniques reveals
intense staining for IgG and BIC in a linear, ribbon-like
pattern along the glomerular basement membranes (Figure 4).
By extensive investigation the specificity of the histochemical
techniques used and tho pathogenic significance of the linear
deposition of immiunoglobulins have been well-established.
This pattern may now be considered the hallmark of direct
immunologic assault on the glomerulus.

°.

' t

Fig. 4. Flut.;cscent photomnicrograph of a diseased glomerulus stained with flurescene-labeled anti-
globulin to IgG. Note the ribbon-like pattern corresponding to the deposition of immunoglobuhn
in the Masugi, Kay. and Steblay models.
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The injection of foreign proteins into animals or man has
been repeatedly shown to result in the typical syndrome of
seunm sickness, manifested by fever, arthralgia, arteritis
and glomerulonephritis. The pathogenesis of the syndrome has
been clearly delineated by several investigators. Figure 5.
The injected antigen elicits an antibody response after a
variable period, usually within 14 days. As increasitg amounts
of antibody are produced, complexing of antibody with antigen
occurs within the circulation. Complexes formed early in the
course under states of antigen excess tend to be soluble since
the amounts of antibody available are too small to form macro-
molecular precipitating aggregates. These circulating soluble
complexes are biologically active in fixing and activating the
complement system and other mediators of increased vascular
permeability. These changes appear necessary for the subse-
quont deposition of the complexes within glomerular capillary
loops and vessel walls. Finally, complement activation in situ
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i ic 5 Cla sic picture of 'scrum sacknes as rccalcd hy immunochemical analyses of Dixon and c(orkcrs.
Note that the .rtentis and glomcrulonephritit begin Ahilc soluble antigen-antibody :omplc.es arc preteni
in the circulation just prior to the ontct of immune elmainaton. BSA-bovmc scrum albumin. (Good, I ig. I..
as taken from Diton I J Arch Pcrh o0 20. 1958. rig 2 i Reproduced sith permission
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by deposited immune aggregates initiates the injurious inflam-
matory response (vide infra). Thus, the appearance of glomer-
ular and arterial lesions closely parallels the development
of the antibody response and the subsequent disappearance of
circulating antigen, as complexes are deposited within blood
vessels or are cleared by the reticulo-endothelial system.
Free antibody first becomes detectable in the circulation at
the time of disappearance of antigen, reaching a peak level
three days later. Small amounts of antibody are subsequently
produced and the serum level falls as normal immunoglobulin
catabolism takes place. The resulting glomerulonephritis is
short-lived, corresponding to the period during and shortly
after antigen removal. Pathologically there is a marked pro-
liferation of endothelial cells with encroachment on capillary
lumina and diff'ase swelling of the glomerulus. Polymorpho-
nuclear leukocyte accumulation is seen at the sites of tissue
injury. By immunoflourescent techniques (Figure 6) antigen,
antibody, and BIC globulin (C3 - the third component of
complement) are seen deposited in a granular, lumpy-bumpy
fashion along the basement membrane. Early in the course,
electron microscopy reveals occasional deposits along the
endothelial side of the basement membrane while later study
shows large electron dense "humps" along the epithelial
surface. These are believed to represent large macromolecular
aggregates of antigen amtibody complexes. Proteinuria is a
prominent result of the tissue injury but rapidly clears with
morphologic healing following disappearance of circulating
complexes. Proof of the central role of these protein aggre-
gates in the pathogenesis of the disease is given by the
prompt development of identical lesions in animals injected
with soluble immune complexes created in vitro.

With more complete understanding of acute serum sickness
in the 1950s, efforts to produce chronic disease states by
prolonging the phase of antigen excess were initiated. Dixon
and co-workers and later Germuth and associates were able to
produce chronic glomerulonephritis in rabbits through repeated
injections of foreign antigen over periods of weeks to months.
In such experiments, animals could be divided into three groups
depending upon the degree of their antibody response. Animals
developing extremely high titers of anLtbody were able to main-
tain states of antibody excess within the circulation despite
increasing doses of antigen. Under these circumstances pre-
cipitating insoluble complexes were formed and were rapidly
cleared by the reticulo-endothelial system. Glomerulonephritis,
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Fig. 6. Fluorescent phctomicrograph from animal with acute serum sickness. Note the lump)y-
bumpy pattern of flurescnce from IgG + BI C which is characteristic of acute serum sickness-type
glomerulonephntis.

occurring after the initial exposure to antigen, quickly
cleared and chronic disease did not develop. Anaphylaxis
was a common sequel of antigen injection. A second group of
animals failed to produce any antibody and did not show renal
injury. Animals producing average or low levels of antibody,
however, developed progressive glomeralonephritis. In this
group states of antigen excess could be obtained repeatedly
with antigen injection and soluble immune complexes were
present for prolonged periods. The renal disease was mani-
fested by hematuria, prolL-nuria, azotemia and frequently
death. The nephrotic syndrome was a common feature. The
earliest morphologic change was pronounced diffuse thickening
of basement membranes, followed by proliferation of endo-
thelial and epithelial cells, lobula'.Aon and scarring of
capillary tufts, with subsequent obliteration by collagenosis
tissue. By immunofluorescent techniques bntigen, antibody,
and BIC were deposited together in the same granular, lumpy
fashion as in acute serum sickness. 'xtent of deposition was
related only to the degree of basemeat membrane change, and
in no case could either antigen or antibody be demonstrated
alone, without the other. By electron microscopy dense sub-
epithelial deposits were noted within the basement membrane
with sheets of epithelial cell cytoplasm over them. The size
and distribution of these dense "humps" corresponded clesely
to the deposits seen by immunofluorescenc,.

Present Concepts. Vol IV N.o 9. Sptcpmler 1971
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To determine reversibility of disease once established,
Dixon's group followed a number of rabbits with mild to severe
proteinuria and morphologic change at biopsy for a variable
period after cessation of antigen injections. In those animals
with the most pronounoed histologic change and heaviest pro-
teinuria, scarring and destruction proceeded relentlessly to
renal failure. When only mild proteinuria was present in
association with early morphologic change, proteinuria de-
creased or disappeared after cessation of antigen injection.
At sacrifice or death little morphologic improvement could be
seen even in animals with clinical evidence of healing. Immuno-
fluorescent staining for antigen and BlC was progressively less
intense, however, and breaking up of the subepithelial dense
deposits could be seen by electron microscopy. Thus, these
studies demonstrated a "point of no return" beyond which heal-
ing could not occur, and showed that histologic healing when
it. occurred lagged far be'.Jind clinical and immuno-histochemical
changes.

r'hc Hlcman Model

In 1959 Heyman and co-workers reported the results of a
series of experiments involving the production of the nephrotic
syndrome in rats by the intraperitoneal injection of rat kidney
extracts and Freund's adjuvants. The severity of the disease
appeared to be related to the dose injected. When extracts of
liver, muscle and lung were used with adjuvant disease was
seldom produced. Additionally, Freund's adjuvant alone or rat
kidney suspension alone were ineffective. The disease, once
started, continued despite cessation cf the injections; and
at autopsy moderate to severe membranous glomerulonephritis
with focal interstitial plasma cell and lymphocyte infiltration
were seen.

Although this model was initially thought to be analagous
to the Steblay model, subsequent investigadion revealed that
IgG and BjC were deposited in the glomeruli of affected animmls
in a granular, lumpy-bumpy fashion in contrast to the linear
pattern cf anti-GBM nephritis. Figure 7. Electron dense sub-
erithelial deposits like those of chronic serum sickness, were
nuted corresponding presumably to agg -gates of antigen-antibody
complexes. Figure 8. The final isolation of the specific renal
tubular antigen involved allowed the characterization of the
pathophysiology of ties model. Injection of complete Freund's
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adjuvant combined with a purified high density lipoprotein
obtained from the brush borders of proximal tubular cells was
shown to lead to production of auto antibodies which then
reacted with both the injected antigen and the minute quan-
tities of autologous renal tubular antigen. As in the serum
sickness models, complexes vere deposited with complement in
the glomeruli of the affected animals, leading to proteinuria
and nephritis. The disease was self-perpetuating because of
the normally occurring continuous liberation of renal tubular
antigen into the animal's circulation. The elimination of
the normal state of tolerance to this autologous circulating
antigen by immunization thus produced a progressive glomerulo-
nephritis through passive accumulation of antigen-antibody-
aggregates vithin the glomerulus. The applicability of this
model to human and animal autoiLmmune states is obvious.

,4 2q %
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01 ILtR MODiLS
Per, z~tcnt 1)mpho•};i~ I1¢ ,:,, n z in�,vir- t rfection in mice

Ilq 7 I-lu.-cent photomicrocraph oi the kidney in the Hieyman modcl The granular pattern of
l, auin !( depo ition ,korrespai. t -, subep;z'.eht . ni znurc complex deoiits.

I ,c. S ri.:h, Poition of giomuiar *uit. I ritec ! diInuwc irregulatity in the sub jith* imal aspcct of the
.gltruLar bq,::cn e inc brant' wkit;; m.n' dcn.c dL'-',owit, prcen;. Intervening projection, of the lamina
den' r, a s.en. uh., h art notcd a; tin,- . to ý=ror:n' tihe dcpo,;I, (nr-rro on the lefti. In one focus (arrow
or ti. • riht lear arca. atr noted in the baement mcn -rz,,C T l: . sn. Fir.. 5.) Reproduced with pcermis-
sior. from pubhhc:. W\.B. saundcr ( o.. and ..ul":. 1'hotogra.n rcdi.ced from fiurc wh:-h shoued
rna.cifi:a:kon'\ "1OO '

3ertain mouse strains injected shortly after birth with
lymphocytic choriomeningitis virus (Lai) carry the virus
throughout l3 fe making low levels of anti-LU4 antibody. Dif-
ferent strains vai:f in the amount of virus present, and in
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the time and extent of their antibody response. Mice having
least amounts of virus and antibody do not develop nephritis
while those with the highest levels show the early development
of chronic disease. Within the glomeruli, antibody, complement
and virus particles can be shown deposited together in the
classic granular, lumpy-bumpy pattern. Gamea globulin eluted
from these kidneys readily binds LC2 virus, and circulating
IgG-virus complexes can be detected in the serum of diseased
animals. These findings would seem to establish the process
as an immune complex mediatsd naphritis.

Auto iminune di~ica of \c% Ze..bnd niicc

Gertain strains of New Zealand mice have been found to
develop an auto immune illness comparable to human systemic
lupus erythematosus. The disease appears earlier and is more
severe in females, and is characterized by hemolytic anemia,
glomerulonephritis and antinucleic acid antibodies. The
nephritis appears in large measure related to deposition of
DNA complexes and anti-DNA antibodies. The importance of
latent infection with murine leukemia virus in contributing
to the development of disease is currently being investigated.
The finding of virus like particles within cells from patients
with SLE make this model attractive for further understanding
of its human counterpart.

Addilionj' Aspect.is of Imnmunolhnidl Iiit, r%

Role ofanlibod) chtrat iciilcs. complcx mi,.. complement. the coagultion proce• and mediators of
increascd %ai, ular p crf lht•

Deposition of immune complexes with resulting disease
appears to occur only in special circumstances. Complex sol-
ubility is important and relates to antibody characteristics
and circumstances of formation. In the case of precipitating
antibodies, complex solubility occurs only when formation
takes plece with antigen in slight excess, leaving antigenic
sites unsaturated. In certain circumstances, however, non
precipitating antibodies are formed, making the relative con-
centrations of antigen and antibody unimportant. In this case
size also appears less important. Under most conditions com-
plexes of less than 19S in weight do not localize in blood
vessels and glomeruli; however, in the case of non-precipitating
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antibody complexes of intermediate weight circdating for pro-
longed periods will locelize in ,,Iomerular rasement membranes.

""ne role of complement in the various forms of experimental
nophritis has been extensivoly investigated. In t.•e case of
nephrotoxic anti-GBM nephritis complement activation is an
integral part of the pathologic process. I.mediate proteinuria
after antibody fixation to glomerular antigen is related to
the chemotsactic properties of activated C3 and to a C56 7 cm-
plex. The resulting polymorphonuclear cell accumulation is
essential and, as mentioned earlier, depletion of animals of
either complement or polymorphonuolear leukocytes prevents
immediate glomerular injury except when large doses of antibody
are used.

In immune complex disease complement is necessary for the
genesis of arteritic le31ons but not for the develo-iment of
glomerulonephritie. Complex deposition in vessel walls or
glomerular capillary loops results from changes in vascular
permeability mediated by release of vasoe.ctive amines. In the
rabbit, platelets are the major reservoir for these anines and
their .elease in serum sickness is dependent on elaboration of
a rmoral substance from a specific mononuclear omll 4-teracting
with .utigmn. Treatment of anials with antibistaminoR has been
shiv-1 to prevent both deposition cf complexes and development
of g±omerulonephritis. The role of complement in ocaplex disease
lies only in the production of arteritis by ohemotaotic attrac-
tion of polymorphonuclear cells and subsequent release of tissue
damaging lysozomal enzymes. Ihat t-his mechanism in not part
of the glomerular injury is shown by the develouxzent of glo-
merulonephritis of identical morphology and severity in com-
plement deploted animals.

Since 1940 evidence has been accumulating whiAc implicates
the coagulation process as the mediator of much of the tissue
injury in glomerulonephritis. Working with the Margil model
of acute glomerulonephritis, researchers have repeatedly shown
remarkable prevention of morphologic changes by the use of
either heparin or warfarin. Endothelial cell proliferation
and swelling, crescent formation, necrosis and sclerosis are
all abolished by these forma of therapy. Interestingly, pro-
teinuria is unchanged or more severe in treated animals. More
recently the same protective action has been shown for acute
immune complex disease through use of either heparin, warfarin
or urokinase. By imiunofluorescent techniques in untr'ated
aninAls fibrin and fibrinogon derivatives can be found within
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endothelial and mesangial cells as wall as within the urinary
space. More severe cases deironstrate creacent formation.
The distribution of this matcrial differa from That of IgG
which is deposited only along baes•snt rembranes. Treatment
abolishes only the staining for fibrinogen derivatives and
not igG. Similar staining and morphologic changes can be
caused by nonimume mechanisms, i.e. induced intravascular
coagulation. In all caser studied with electron microscopy,
fully polymerized fibrin can occasionally be demonstrated
either within the capillary space or in endothelial cells.
More commonly, various forms of incompletely polymerized
fibrin (fibrinoid) are seen along the basement membranes and
within mesangial and endothelial cells. The toxicity of these
substances is presumed to be related to both inefficient break-
down by phagocytizing cells and interference with the vascular
supply. As mentioned before, the more severe casee show such
material within the urinary space in association with fulminant
crescent formation. The fact that several different forms of
anticoagulation are successful in aborting these pathologic
changes suggests that their protective action is mediated
through inhibitions of the coagulation system not by some
other mechanism, e.g. anticomplementary eff6ct or antiinflam-
matory effect. All this information speaks for the coagulation
process as the primary cause of the proliferative and sclerosing
lesions of most forms of glomerulonephritis. Although protein-
uria is not prevented by anticoagulant treatment in Masagi
nephritis it is eliminated in induced intravascular coagulation
nephritis and in Iine complex disease in mice. These obser-
vations suggest possible differences in the causes of protein-
uria between anti-GSK disease and immune complex '-isease.

Unfortunately the proximate events leading to coagulation
within nephritic glomeruli are unknown. Ag-Ab complexes have
been shown to accelerate the coagulation process in vitro,
probably through an effect on platelets. Yet actual initiation
of the coagulation process has yet to be demonstrated for either
immune complexes or for tissue bound antibody. More investi-
gation is needed in this important area.

APPLICATIONS OF EXPERIMENTAL NEPHRITIS TO HUMAN DISEASE

Techniques developed in the understanding of experimental
models have proven extremely valuable in the study of human

Presen i C,,ccpis. Voi IV No 9. Septem hi r 19 71



P Mr- -

773

Immunology of Glomerulonephritis - Steinmuller

glxserulonephrLitis. The iimunofluoresoent examination of
renal biopsy specimens and the use of methods for the elution
of antibody have allowed identification of most forms of glo-
merulonephritis as either anti-GB4 disease or imune complex
disease. Although the basic causes of the alterations in
Jirmmity remain unknown, certain aspects of human glomerular
injury are now clear.

Anti-GBM Diseasc

Goodpasture's synrome and rapidly progressive glomerulo-
nephritis (RPGN), two uncommon forms of nephritis, have
repeatedly been shown to be associated with deposition of
antigloerular basement membrane antibodies in a linear fashion
with complement. The finding of fibrin and fibrin degradation
products within the glomerular capillarlee and cells is pre-
sumed to be the cause of the marked cellular proliferation
leading to a rapidly fatal clinical course. Figure 9. That
antibodies eluted from diseased kidneys produce fulminant
Masagi type nephritis when injected into primates establishes
their pathogeniciy. When patients with these diseases are
nephrectomizwd prior to transplantation these antibodies rise
in titer in the circulation. Subsequent placement of healthy
renal tissue in these patients with high antibody titers has
been shown to result in the disappearance of circulating anti-
body concomitant with the development of disease in the trans-
planted kidney. At biopsy or postmortem IgG is again seen
deposited in linear fashion along the basement membranes
associated with the expecTed histology. In view of these
facts it has now becone accepted practice to wait for the
gradual disappearance of circulating antibody over periods
of months before considering transplantation.

Some differences in the specificity of auto antibodies
from these two diseases have been described. Thus IgG from
kidneys of patients with Goodpasture's syndrome appear to
have greater reactivity with other renal and non-renal antigens
as well as with glomrular antigens from other species. In
contrast, antibody from RPGN kidneys shows little reactivity
with renal tubular antigens and alveolar basement membrane
antigens, and is far more species specific. These findings
help explain the differences in pulmonary involvement despite
identical renal histology and course.

Present Concepts. Vol IV No 9. September 1971
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Fig. 9. Renal biopsy from a patient with rapidly progressive glomerulonephrmi (RPGN). Notc the

profound crescent formation.

Of great practical interest are the possible reasons for
the development of this auto-immune assault on the glomerulus.
Although antigens having immune cross reactivity with GEM have
now been identified in normal human serum and urine, their
role, if any, in the development of nephritis is unknown. The
experimental demonstration that rabbits may be sensitized to
similar antigens from their own urine is encouraging evidence
for a pathogenic roic' for these substances. Nevertheless it
would appear likely that some infectious process is also in-
volved in this alteration in immunity. At present there is
no available information on this poibt. Although antigenic
cross reactivity between nephritogenic streptococci and human
GEM has been demonstrated, the lack of evidence of preceeding
streptococcal infection in most cases of human anti-GEM
nephritis and the fact that post streptococcal acute glomerulo-
nephritis appears to be an immune compley disease speak
against an etiologic role for these organisms.

Immune Complex Disease: Postreptococcal glomeruloneph i itis (PSGN i

Despite rather complete knowledge about the inciting
organism in post streptococcal glomerulonephritis (PSGN), the
full pathogenic sequence leading to acute glomerular inflam-
mation remains to be demonstrated. Nephritogenic streptococci
are readily cultured and have been studied extensively with
regard to capsular antigens. Organisms with lancefield group
A capsular polysac-charide and specific types of M protein (1,
4, 12, 25 and 49) (red lake) are now known To be nephrito-
genic. In addition opsonins directed against these M proteins
are responsible for type specific immunity preventing reinfection.
Present Concepts. Vol IV No 9. September 1 9
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The sequenco of inffection, followed by a latent period

and nephritis associated with rising titers of antibodies to
various streptococcal antigens and a fall in serum complement,
strongly suggests an immnoiogic basis for the illness. Efforts
to document this impression have met with varied success.
Lange et. al. in 1966 reported that all cases show the presenoe
of IgG and BIC in a granular distribution along the glomerular
basement membrane. The majority of investigators have found
these proteins in most but not all cases, again in a granular,
lumpy distribution. By electron •icroescopy dense deposits are
found along the subepithol.al surf1ace of the basement membrane
in all cases which by feriItin conjugated antibody techniques
are composed of IgG plus BIC presumably linked to an unknown
antigen. Additionally, donse deposits have been reported in
the subendothelial area, betueon endothelial cells and within
the capillary lumen. These deposits appear to contain IgG
and B)C while fibrinogen derivatives are also suggested.

Efforts to complete this pathogenetic puzzle by demon-
strating streptococcal antigen within glomeruli have until
recently been rather unsuccessful. Michael et. al. were able
to show such proteins in only two of ten patients, while Segal
and co-workers reported finding streptococcal antigen in Six
of ten cases. Recently, Tresar and associates have shown by
very elegant study such antigen in all oases of this disease.

The antigen is a lipoprotein of 120,000 molecular weight con-
tained in the plasma membrane of nephritogenic streptooocci
but not in other bacteria. Within the first few days of onset
of disease antigen is distributed in the glomerulus in the
same fashion as IgG and Rj C. later, plasma membrane specific'
antibody appears in the circilation and presumably saturates
all free-bind~ing sites on the deposited antigen which there-
after cannot be staine~d Wy immunofluorw,'joent techniques. This
fact might explain earlier Cailures to demonstrate the antigen in
late biopsies. If this wortk can be reproduced by other invest-
igators the initial Jmpieasion of Schiock in 1908 that PSON
represents serum sickness will be largely confirmed. Never-
theless, the reasons why some people develop the disease While
others infected with nephritogenic streptocooci do not, rm•ins
to be elucidated. Extrapolating from experimental models, one
would expect that affeoted individuals would be good antibody
producers against this lipoprotein antigen, while those witA
subclinical or no diseaso would have low or absent titers of
antibody.
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Another line of investigation which may yield additional
understanding of FSGN as well as some other forms of glomerulo-
nephritis is the study of cryoglobulins. these interesting
macro-molecules have been found in a high percentage of patients
with PSGN when specifically looked for with sensitiw techniques.
Most contain IgG plus BIC while IgM is also occasionally a part
of the complex. These proteins can be shown to be biologically
active in fixing complement and in causing glomerulonephritis
when injected into animals. Nevertheless, the role in human
disease at present remains unclear.

Membranous Glomerulonephritis

This common cause of the nephrotic syndrome in adulthood
is characterized by the isolated finding of progressive, dif-
fuse thickening of all glomerular basement membranes. Figure 10.
The course is prolonged and variable with ultimate remission
or death in uremia being equally common. At present there are
few clues to the etiology. Immiunofluorescent study repeatedly
demonstrates granular deposition of IgG plus BIC along the
thickened membranes, corresponding to electron dense subepi-
thelial deposits (as in the Heyman model, Figure 8). That
tha disease is immune complex mediated is reasonably certain;
however, the antigen involved, the reasons for the lack of
cellular proliferation despite ongoing complex deposition, and
the mechanism of remission are unknown. Since experimentally
it is the clotting system which appears to initiate cellular
prolIferation, it may be that some characteristic of the com-
ple•.es is different from that in other forms of iruune complex
disease or that the slow deposition and low levels of complexes
are inadequate to trigger this mechanism. The protracted
course over several years would suggest that the antigen in-
volved is an endogenous, autologous one circulating in low
concentration to which normal tolerance has been lost rs in
the Heyuan model. However, remission under UIhem circumstances
is hard to understand. The recent 'Indin- of low levels of
circulating cryoglobulins in most cases of membranous nephro-
pathy may prove to be of great importance,.

Present) C,,neepis. Vol I V No 9. Seprt-m her 19 71
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Fig. 10. Membranolb glomeruloni.phritis shoming severe thickening of all basement membranes.

Systemic Lupus Erythematosus Nephritis (SLE)

SIE represents one of the most intensively studied of the
immune mediated diseases of humans. The repeated demonstration
of antibodies to DNA, nucleoprotein, and other nuclear and
cytoplasmic antigens in symptomatic patients has led to the
coaviction that these antibodies play a causative role in the
peripheral manifestations of the disease. The recognition of
renal disease as a major cause of morbidity and ultimate death
in these patients has led to the widespread application of
percutaneous renal biopsy for diagnostic and experimental
evaluation of all stages of the illness. The growing body of-
evidence supports the conclusion that lupus nephritis is an
imune complex disease expressing itself in at least three
morphologic patterns with gener11y differing clinical severity
and prognosis. The reasons for these differences are completely
unknown but are probably related to differences in antibody,
antigen, the quantity of circulating imnune complexes, or in
the presence and quantity of cryoglobulins.

The experimental obseivations implicating immune mechanisms
in the development of lupus nephritis are many. Extensive
study has shown anti-DNA antibodies to be specific for active
lupus erythematosus. They are identified in the sera of most
patients with active nephritis in varying titer generally
corresponding to the severity of clinical manifestations.,

Present Concepts. Vol I X No' 9. Sep onmb er 19 71
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That these antibodies are pathogenic has been suggested by
their elution from affected renal tissue it, much higher titer
than in the corresponding serum. Furthermore, DNA antigen
can be demonstrated in sera and glomeruli after antibody
elution. Besides anti-DNA antibody and D•A antigen, anti-
bodies against nucleoprotein and phosphate buffer-extractible
nuclear antigens have also been found within affected glo-
meruli. Other antigen antibody systems may play an even more
important role in the production of renal lesions. For
instance, all patients having anti-risosomal antibodies appear
to manifest clinical renal disease. In addition, mixed cryo-
globulins composed of IgG, IgM and perhaps other constituents
are commonly seen in low titer in the sera of lupus patients
and in some cases have been demonstrated as deposits within
glomerular lesions. Finally, during periods of active renal
disease, serum complement levels fall as in serum sickness
and PSGN, suggesting the presence of biologically active
circulating immune complexes.

By immuno-histochemical techniques and electron micros-
copy, complex deposition appears to have three distinct
patterns corresponding to the different light microscopic
morphologies. Cases with pure membranous changes have depo-
sition of IgG, BIC in a finely granular pattern along the
basement membranes. The only distinguishing feature from
"idiopathic" membranous nephropathy lies in the slightly
greater prominence of the mesangium in lupus. As expected,
electron microscopy demonstrates subepithelial electron dense
deposits corresponding to immune complex aggregates. Further-
more, the course and prognosis of this lesion generally paral-
lels that of its ideopathic counterpart. In contrast to this
pattern are the diffuse proliferative lesions usually leading
to progressive deterioration and renal death. In these cases
fibrinoid necrosis, wire loops, endothelial and mesangial
cell swelling and proliferation are prominent features.
Neutrophil infiltration and nuclear fragmentation appear in

the more severely affected areas. Imrniofluorescent studies
show localization of IgG and BIC in coarse lumps along the
baseme 7t membrane and in mesangial cells. Fibrinogen deriv-
atives can be seen in the same pattern. By electron micros-
copy large dense deposits are located subendothelially, often
partially or completely phagocytized by endothelial and
mesangial cells. Figure 1i. Other deposits can be found
within the capillary lumens either free or within polymorpho-
nuclear cells. Occasional deposits are also seen lying within
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Fig. 11. Electron micrograph of a glomerular capiliar) loop from a patient with diffuse lupus nepti:sis.

EN = endothelial cell nucleus. CL = capillary lumen. EP = epithehal cell with foot processes lying on
basement membrane. Note the dense deposit marked by asterisk as well as the deposits shown by arrows
covered by endothelial cell cytoplasm.

the basement membrane or on the subepithelial side. This
distribution of immiunoglobulins, complement, and fibrin has
been described occasionally in severe cases of PSGN as well
as in idiopathic membranoproliferative glomerulonephritis.
The mechanism behind this mesangial and subendothelial depo-
sition in contrast to the membranous pattern is not understood
but may relate to the compition, size, or quantity of these
macro-molecules in the circulation. Experimental evidence in
animals and the presence of fibrin and fibrinogen derivatives
in human lesions implicate the coagulation system as causing
at least part of the observed tissue injury. It can easily
be imagined that subendothelial deposits in contact with the
circulation would be more biologically active than subepi-
thelial ones. Nevertheless, proof of the pathogenicity of
these deposits thus far is incomplete, and the exact details
linking these immune complexes to the subsequent nephritis
are unknown.

The third pattern of SIE renal involvement is focal and
local proliferation with occasional necrosis of glomerular
tufts. This form is usually associated with good prognosis
and rapid response to corticosteroids. Occasionally, progres-
sion to more generalized proliferative disease is seen,
however. Imminofluorescent studies indicate mild diffuse
deposition of IgG and BIC along basement membranes with heavier
deposition within lesions and mesangial areas. To answer
whether or not the differences between this pattern and the
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diffuse proliferative type are qualitative or merely quanti-

tative will require much additional study.

I.,p•id Ncplirosis (Nil discase, minimal ch;i,)ge discsc)

This lesion is present in most casej of childhood nephrotic
syndrome and is seen in about 25 percent of adults presenting
with nephrosis. The histology by light microscopy consists of
either no change from normal or occasional focal, local tf•Lick-
ening of basement membranes. In long standing recurrent cases,
focal areas of scarring, irregular mild basement membrane
thickening, increase in mesangial cells and matrix and obso-
lescent glomeruli are found. Immunofluorescent studies looking
for deposition of IgG, IgM, and BlC have been uniformly unsuc-
cessful. Under electron microscopy there is fusion of epithe-
lial cell foot processes, believed to represent a nonspecific
normal reaction to increased protein passage across the base-
ment membrane barrier. Occasional small subendothelial dense
deposits have been reported but apparently bear no relation-
ship to areas of basement membrane thickening. More common
are areas of platelet aggregation and occasional fibrin thrombi
within capillary lumina. These findings may explain the
gradual scarring and glomerular obliteration seen in long
standing cases.

Although it was formerly believed that lipoid nephrosis
merely represented an early stage of idiopathic membranous
nephropathy, it is now clear that these are two distinct
diseases unrelated to each other. No convincing cases of
progression from the one to the other have ever been presented,
the distinctly different ultrastructural morphologies clearly
explain why.

The repeated failure to demonstrate immunoglobulin depo-
sition has suggested to some workers a possible metabolic or
biochemical cause unrelated to immune mechanisms. Neverthe-
less, the high incidence of atopy and eosinophilia in many
cases, as well as the sensitivity of the lesion to cortico-
steroid therapy, has convinced many investigators that sig-
nificant immune events were being somehow missed by routine
procedures. Consequently, the recent report by Gerber and
Paronetto may represent a significant breakthrough in the
understanding of this disease. By preparing antibody in goats
through the use of rare IgE myeloma protein, they have been
able to deMon~trate linear deposition of IgS in a coma like
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fashion along basement membranes in all cases of lipoid nephro-
sis studied. Unfortunately, other glomerular diseases studied
also showed this reaction, suggesting that it may be a non-
specific finding. Although much further work will be zeoessary
to clarify the pathogenic role, if any, played by this immuno-
globulin deposition, at least one line of investigation is
now available.

Memb:.aioproliferative Glomerulonephritis

This group is a mixed bag of morphologic lesions and
clinical expressions. Under this heading will be included
trach entities as diffuse proliferative glomerulonephrit"
associated with nephrotic syndrome, chronic hypocompleme.emic
nephritis of childhood, lobular glomerulonephritis, necrotizing
glomerulonephritis, some patients with acute post streptococcal
glomerulonephritis pursuing a rapidly progressive course, as
well as cases having similar histology brat no antecedent strep-
tococcal exposure. An immule basis for these diseases seems
likely, but few cases have been well-studied from that point
of view. Most cases have normal complement levels except for
tiuse patients with hypocomplementemic nephritis in which
selective degradation of C3 by an unidentified serum factor
occurs. Electron microscony shows subendothelial and mesangial
deposits similar to the p-iliferative form of lupus nephritis.
Iimmunofluorescent staining of' IgG and BlC in a lumpy pattern
is c-mmonly, but not consistently, seen. Prognosis is generally
poor except when a streptococcal etiology is present. Since
some of these cases may present with rapid clinical deterio-
ration associated with epithelial proliferation and crescent
formation indistinguishable from RPGN, the examination of these
biopsies with electron microscopy and ixmmnofluorescbnce is
mandatory. Again the findings of fibrinoid necrosis and
fibrin thrombi suggest an intimate role for the coagulation
process especially in the more severe cases. It is likely
that the renal involvement of Henoch-Schoenlein purpura,
hypersensitivity angiitis, and Wegener's granulomatosis is
similar in mechanism to these membrano-proliferative diseases.

Immuh net ('otnplc\ Ncph ritis w-th Kno~ ii Antlic.,

Under this heading may be included the nephrotic -. ndrome
of penicillamine therapy, persisting Australia antigeneiaia,
secondary syphilis, anl at least one case of carcinoma. In
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addition the acute glomerulonephritis of falciparum malaria
is most likely related to immune complex deposition. In the
cases of disease related to Australian antigen and quartan
malaria, antigen has been definitely shown to be deposited
within affected glomeruli along with IgG and BIC. When IgG
was eluted from a patient with membranous glomerulonephritis
and carcinoma of the lung, antibody specific for tumor antigens
was found. Unfortunately, efforts were not made to identify
tumor antigen within the glomerular immune deposits. Thus
far, efforts to demonstrate penicillamine in immune deposits
has been unsuccessful, probably for reasons -f technique. In
cases of secondary syphilis with nephrosis no efforts have
been made to 'emonstrate the causative antigen, although lumpy
deposits of IgG have been identified by electron mic'oscopy
and immunofluorescence. No doubt the presencs of treponema
antigen will be demonstrable in these deposits when properly
studied.
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"1 HIE MALIGNANT PHASE OF HYPERTENSION

Relationship of the Kidney with Pathogenesis. Prognosis, and Therapy

Allan B. Schwartz, M.D.*

Malignant hypertension is a deva&tating entity. It is not
a distinct disease itself but should be considered a syndrome
representing '. specific phase of hypertension having various
etiologic p'issibilities. The etiologies vary f.cm primary
essential hypertension with nephroangiosclerosis .I nephritis,
lupus nephritis, et cetera. 'The one common feat,_re that the long
list of etiologic considerations have is renal involvement. By
definition, the malignant phase of hypertension must have an ab-
normality in some parameter of renal evaluation or the diagnosis
is tenous. S3chottstaedt and 3okolou /1/ in their 1953 review of
clinical parameters associated with the malignant phase of hyper-
tension found high percentages of cerebral and cardiac involvement
but found 100 percent renal involvement in their study of lO cases.
'They wrote, "The kidney is the organ most seriously involved in
maligi ant hypertension". Renal involvement is recognized by pro-
teinuria on urinalysis and abnormal renal functional parameters
such as azotemia or elevated serum creatinine. These crude param-
eters call attention to the obv )us loss of renal Conction threat-
ening to result in uremia and e ath should the malignant phase of
hypertension go unchecked. The malignant phase of hypertension
is a vascular disease for certain. Histologically, fibrinoid
necrosis of arterioles throughout the body has been recognized
as the classic lesion.

As to the pathophysiology of the malignant pha~a of hyper-
tensicn, no cilear explanation is yet available. It appears
that some primary alteration occurs in arteriolar structural
integrity, reducing luminal area and the effective perfusion
volume of the arteriole, i.e. reducing the available vascular
space. And, as stated by Poiseuille's law (resistance to
viscous flow varies inversely with the fourth power of the
radius), this reduction in vascular radius dramatically in-
creases peripheral vascular resistance. Cardiac systolic
ejection force attempts to compensate for this increased vas-
cular resistance by producing a more forceful ejection and a

"*,\,tnt Nfeor ot Mcdit,nc. D;•mon of Ncphrolog) and Vascular D:eew . Department of
%lcti nc. flahncr anin Mcd'cmi College and to,,pital, Philadelphia. Pcnn.] h-anla
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progressive increase in systolic pressure becomes apparent.
At these excessive preisures, further alterations of stretch-
ing and constrictior of arterioles results and a vicious
cycle is set in motion. As a result, there is a progressive
increase in both diastolic and systolic pressure.

Further vascular alterations occur as plasma appears
locally in zones of dilatation in the wals of terminal
arterioles at an early stage in the process. Local over
stretching or tearing of medial muscle fibers occurs which
may simultaneously destroy the muscle and turn the vessel
into a semi-permeable sembrano. This allows various colloid
materials to escape into the tissue while the destroyed vas-
cular tissue itself becomes saturated with concentrated plasma
proteins giving the appearance of fibrin, i.e. fibrinoid
necrocis. /2/

Recently, evidence has arisen that points to a hemato-
logic coagulation abnormality associated with the vascular
changes of malignant hypertension. An increase in permea-
bility of =all blood vessels has been thought to set in
motion the fibrin deposition in the wall and in the lusen of
vessels. These fibrin deposits then induce fragmentation of
red blood cells, which leads to microangiopathic hemolytic
anemia which then results in further deposition of fibrin
until finally the vessel is occluded and the peripheral bas-
cular resistance is maximum. /3/

Another area of research has to do with a deposition of
lipid-like material in subendothelial areas of glomerular
capillaries. These lipid deposits have been demonstrated by
electron microscopic examination of glomerular capillaries
from renal biopsies of patients having the malignant phase
of hypertension. /4/

The humoral and neurogenic aspects of the malignant
phase of hypertension are still open to question. Peart /5/
suggested that aldosterone excess was a defense mechanism
brought c.ut to counteract the angiotensin induced sodium loss.
Oversecretion of aldosterone in malignant hypertension was
believed by Cope and Pearson /6/ to be a consequence of renal
damage. lAragh, Sealey, and Somers /7/ in 1966, found a
strong correlation between secondary hyperaldosteronism of
malignant hypertension a-d increased levels of plasma renin.
These data strongly suggested a renal course of stimulation
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for the hyperaldosteronisa observed in the more advanced stags
of the malignant phase of hypertension. Certainly, some of the
higbest plain renin actLvity values that have been reoorded
have been in maligmnt hipertansion.

Intravenous injection of angiotensin has been implicated
in causing fibrinoid necrosis in the rat as has a partly puri-
fied renin preparation. /8,9/ This ability to produce necrotic
vascular lesions is also shared by various pressor amines such
as tyramine, 7sthoAine, and norepinephrine. /10-12/

Amine hypertension has been recognized clinically. Foods
such as cheeses and fermented material such as beer contain
tyromine which has been shown to elevate blood pressure by
ieleasing norepinephrine. /13/ In the presence of m~onomine
oxidase inhibition, the usual degradation of norepinephrine is
retarded and exoessive tyramine ingestion may provoke severe
or even malignant hypertension. Certainly, pheochrmocytoma
has been a reoognived cause of malignant hypertension.

The relationship between the sympathetic nervouts system,
catecholamines, and renal humoral mechanisms have been well
established. Wathem et al /14/ in 1958, demonstrated the
relationship between catecholamines and the renin-angiotensin
system by infusing norepinephrine in anesthetized dogs and
evoking an acuto release of renin. Michelakis and Horton /15/
in 1970, confirmed this relationship in man by infusing nor-
epinephrine in humn volunteers a.nd evoked an increase in
peripheral plasma renin activity. It is possible that this
interrelationship between the sympathetic nervous system and
the renin-angiotensin system could be intimately involved as
the "trigger mechanism" of the malignant phase of hypertension.

It is also possible that an existing renal parenchymal
disease could in itself intrinsically initiate an abnormal
humoral vasopressor substance which alone could be the •trigger
mechanism" of the malignant phase of hypertension. There is
already evidence for a renal humoral vasopressor substance
existing as a major factor responsible for the blc.d pressure
elevation and vascular damage of the malignant phase of hyper-
tension. /16/ This vasopressor effect of the kidney has been
presented in the setting of both primary essential hypertension
and chronic renal parenchymal disease, i.e. chronic glomerulo-
nephritis.
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I am certain it is obvious to the reader that I am fos-
tering the concept that there is a peripheral vascular alter-
ation that initiates the malignant phase of hypertension.
The question that arises is, "What triggers the vascular
alteration?". It is interesting to hypothesize that thitt
"trigger mechanism" might involve a renal-sympathetic nervous
system catecholamine chanism which once set in notion will
develop into a vicious cycle resulting in arteriolar fibrinoid
necrosis.

The clinical syndrome of the malignant phase of hyperten-
sion is a reflection of the diffuse vascular alterations,
specifically fibrinoid necrosis and the resultant compromised
perfusion of vital organs - brain, heart, kidneys and eyes.

That the above process is reversible is a thesis gaining
support each year. The blood pressure must be reduced to
allow vascular changes to heal. The resistance vessels may
return to their normal caliber, perfusion will improve, and
the syndrome w-4i abate.

PROGNOSIS OF MALIGNANT HYPERTENSION

The prognosis of malignant hypertension is definitely
improved today over 20 years ago and even -0 yearsa . The
apparent reasons for this improvement are twofold:(l) the
avotilability of relatively safe, potent antihypertensive
agents which have been developed for clinical use during the
perio&, and (2) an increasing knowledge and understanding of
the use of the antihypertensive agents in the presence of
renal ikaufficiency associated with the mlignant phase of
hypertension.

Before the advent of such early therapy as sympathecte-ny,
malignant hypertension was consistently a fatal disease in a
maximum of four or five years and 80 percent fatal in the first
year. /17-19/ In 1938, Page /'20/ reported on beneficial
resul's of anterior nerve root section. He wns the first to
show an improvement in the course of malignant hypertension
in that there was some evidence of improvement of cardiac
pareneters, eye grounds, and renal function. The patient
still eventually succumbad to the disease, however.
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The advent of ganglionic blocking agents and adrenergic
blocking agents brought about an improvement in the survival
statistics. Enoephalopathic a"d cardiac causes of death
associated with malignant hypertension declined. However,
the peroentage of renal causes of death increased demon-
strating a failure to arrest the arteriolar fibrinoid necrosis
within the kidney.

In 1956, McCormack et al /21/ showed definite evidence
of healing of acute destructive lesions of malignant nephro-
angiosclerosis in patients treated with potent antihypertensive
agents including hexmmethonium, pentolinium, chlorosondamine,
mecamylamine, reserpine, and hydralazine. Although an autopsy
study, there had been soae transient clinical remissions
effected in these patients with malignant nephroangiosclerosis
by intensive treatent with the agents noted above. Renal
failure was the primary cause of death of 14 out of 19 treated
patients. There was a definite "cessation of Activity and a
regression in both arteriolar necrosis and thrombonecrosis".
This was associated with disappearance of most of the foci of
fibrin accumulation and of the evidence of acute vascular damage.

McCormack et al /21/ noted in their review that in some
cases treatment was not wholly effective and minimal active
lesions of malignant nephroangiosclerosis persisted and were
apparently progressive, although certainly not nearly as
rapidl,- as fn the untreated patient. Their words were not
heeded and, for the next few yeara, hypertensiologi~ts feared
treatment of malignant hypertension associated with renalinsufficiency.

The relationship of renal insufficiency and survival
rate of patients with malignant hypertension has been inter-
esting to follow through the evolution of successful anti-
.iypertensive therapy.

In 1959, Harington et al /22/ reported that malignant
hypertension associated with a blood urea nitrogen of greater
than 60 mg/lO0 cc before therapy correlated with only a 10
pe.rcent survival by two years. Those patients with a blood
urea nitrogen less than 60 mg/100 cc had a 55 percent survival
' - two years.
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In 1961, Dollery /23/ expressed the opinion that pro-
gressive renal failurs could not be halted by antihypertensive
therapy. With respect to the blood urea level, he reported
only a 15 percent one year survival if malignant hypertension
was accompanied by & blood urea level of over 60 mg/100 cc
(blood urea nitrogen greeter than 30 m/lOO cc). The one year
survival for patients having malignant hypertension and a
blood urea level less than 60 mg/100 cc was 73 pelcent.

In a report by Mohler and Freis /24/ in 1960, a corre-
lation of five-year survival was made with normal or nearly
norml levels of nonprotein nitrogen before treatment.

Sokolow and Perloff /25/ reported a five-year survival
of 5 of 11 patients who had creatinins clearanos values greater
than 45 cc/min before therapy with ganglionic blocking agents.
Of 15 patients with poor renal function before treatment, none
survived even three years.

Kirkenda•. /26/ wrote that successful lowering of blood
pressure improved signs of necrotizing arteriolitis that
allowed histologic improvement. To produce the same improve-
ment of histology in the kidney "one must reduce the blood
pressure and blood flow to the kidneys so that glomerular
filtration rate and renal excretory function are reversibly
decreased." Thus ona is on the horns of a dilemma! /26/
Ki• cendall in 1961, as were many others, was faced with the
fact that the closer to normotension the patient came, the
worse the renal function became dur..ng the early phase of
treatment of the malignant hypertension. The key to the above
quotation is that aggressive reduction of blood ?ressure might
initially lower renal function, but this initial decline is a
functional one that is "reversible".

Through the 1960's, physicians were still unable to cope I
with malignant hypertension coexisting with significant renal

-* insufficiency, Therapy was often withheld or ineffectively
administered at the first hint of blood urea nitrogen rise.
As recently as 1966, Langford and Bonas /27/ advocated that
when a rise in blood urea nitrogen occurs, it is usually best
to hold the pressure at the level that has been obtained or
even to let the blood pressure go slightly higher rat)-'r than
immediately pressing on to further blood pressure reduction.
They did, however, recognize the need to continue antihyper-
tensive therapy in treating malignant hypertension despite the
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rise in blood urea nitrogen to permii; healing of the nocrotizing
arteriolitia. They also agreed that At may be necessary to
utilize dialysis while hypotensive, therapy was being given in
the face of worsening renal functi :).

Schroeder /28/ claimd that if improvement in renal func-
tion does not occur early, the treatuent can be considered
only life extending and he predicted a steadtly progressive
mortality. He did, however, recognize the value of effective
lowering of blood pressure of malignant hypertension with mild
to moderate renal insufficiency and noted that in his experi-
ence, one-quarter of such treated patients survive five years.

Woods and Blythe /29/ appear to have the most encouraging
experience in the literature dealing with survival of patients
having malignant phase of hypertension complicated by severe
renal insufficiency. These authors of aggreasive therapy
treated 20 patients with malignant hypertension and a blood
urea nitrogen of 50 mg/100 cc or Uigher and noted a 55 percent
one-year survival, and a 35 percent two-year survival and a
25 percent longer term survival.

In 1969, it was again reported that aggressive treatment
of accelerated hypertension in patients with azotemia resulted
in slight worsening of renal function during the first two
weeks. However, by three months of effective treatment, renal
function had improved to levels batter than pretreatment
values. /30/

The conclusion is that reduction of blood pressure to
normal levels in patients with malignant phase of hypertension
complicated by renal insufficiency does not necessarily result
in irreversible deterioration of renal function and my actually
improve renal function in a large proportion of patients.

At Hahnemann it is obvious to our staff that the only way
to attack malignant hyperteniioi:, associated with primary
nephroangioscleroais is to lowe:- promptly and aggressively
the blood pressure to normotensLve levels. However, primary
renal parenchymal disease, such as chronic glomerulonephritis
and lupus nephritis, may be associated with a secondary form
of malignant hypertension wl ,.h presents entirely different
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considerations. The physician is now faced with the necessity
of considering two separate prognostic %spects in one patient,
i.e. "What is the prognosis of the primary renal parenchymal
disease and what is the prognosis of the secondary and co-
existing malignant hypertension?". Renal insufficiency might
be a definite feature of either. The clear distinction must
be made early between malignant hypertension due to primary
nephroangiosclerosis versus malignant hypertension due to
primary renal parenchymal disease. Often, the only means by
which the distinction can be made is the kidney biopsy. Once
the diagnosis of primary nephroangiosclerosis is established,
the treatment program for the malignant phase of hypertension
with renal insufficiency is clear cut - normotonsion
be acauired and tAintained.

Normotension provides the only setting in which the
necrotizing arteriolar changes within the kidney will heal.
Normotension =ast be maintained even if renal insufficiency
appears to worsen in the early phase of tieatment. This
further loss of glomerular filtration rate manifesting a rise
in serum creatinine and blood urea nitrogen is a functional,
reversible loss.

The sudden decrease in perfusion pressure resulting from
the antihypertensive prescription will result in a decreased
glomerular filtration rate. A transient worsening of azotemia
and even uremia may occur during the early vascular healing
phase. A need for supportive peritoneal dialysis or hamo-
dialysis therapy may become apparent in some cases. Certainly,
if the diagnosis is made early and treatment initiated early,
this need will be transient. Once the fibrinoid vaecular
changes have healed and renal arterioles are again patent, the
glomerular perfusion will improve and glomerular filtration
rate will gradually increase. Such an example is represented
in the following case presentation.

CASE REPORT

The patient is a 32-year-old black female who presented
with a one-week history of rapidly progressing dizziness,
severe suboccipital headache, and nausea. On the day of ad-
mission, she had several episodes of vomiting. There was no
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past history of renal disease, hypertension, cardiovascular
disease, or diabetes. The family history was negative for
hypertension.

The physical examination demonstrated the blood pressure
to be 230/156 = Hg in the right arm and 228/152 rm Hg in the
left aim. Pulse rat-, was 96 beats/mia and regular. Oral
temperature was 98.6 F. Funduscopic exination revealed
severe arteriolar aasm, soft cottonwool em2d&Tes, flame shape
hemorrhages, and - Apilledema bilaterally. 'he heart examina-
tion demnr-traec.8 the point of naximal impules in the sixth
intercc.--'s,. sa,'cve li the a+terior adllary line. A prominent
left ven-ricular heave was noted. An atrial gallop was present.
A grade IlI/VI early systolic ejection munmur was noted at the
second right intercostal space. The lng fields were clear.
Abdomelnai examination showed no palpable liver, spleen, or
kidneys. "here was no costovertebral angle tenderness and
there was no abdominal bruit. Femoral pulses wore strong
bilaterally. All periphern! pulses were found t1, be normal.
There was a trace of pretibial and pedal edema bilaterally.
The neurologic evaluation showed the patient to be moderately
lethargic, but she was well-oriented for time, place, and
person. There was no nuchal rigidity and no localizing neuro-
logic abnormality.

Laboratory evaluation demonstrated the blood urea nitrogen
to be 109 mg/100 cc, serum creatinine 11.5 mg/100 cc, serum
sodium 137 mEq/L, serum potassium 3.8 mEq/L, serum chloride
98 mEq/L, and serum iarbon dioxide combining power 20.9 mwiEq/L.
Urinalysis demonstratced 8-10 red blood cells/HPF and 10-15
white blood cells/HPF, and a one plus reaction to protein.
Tests for urine, sugar, and acetone were negative. Urine
specific gravity was 1.005. Complete blood count showed a
hematocrit of 29 percent, hemoblobin of 9.6 gm/l00 cc, white
blood count of 5,150 with 65 percent segmented forms, 5 percent
bands, and 30 percent lymphocytes. The peripheral plasma renin
activity was 5000 ng/l00 cc (Method of Boucher). The initial
therapy consisted of aipha-methyldopa 500 mg intravenously and
furosimide 80 mg intravenously. The alpha-methyldopa was
repeated in a dose of 500 mg intravenously every six hours
for four doses. At that time, the patient was started on oral
therapy consisting of alpha-methyldopa 500 mg every six hours
in combination with hydralazine 50 mg every six hours and
furosimide 80 mg every 12 hours. Within 12 hours after the
patient's admission, the blood pressure was reduced to 120/80

Hg and within 24 hours the oral medication described above
was maintaining a blood presmsre of 100/70 mg Hg in the supine
position.
I'rec nt (onlc pt.. ", 1 I" .\'d ','i" lcr 1 1 '
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Three days later the blood urea nitrogen had increased to
150 mg/100 cc and the serum creatinine had risen to 16.2 mg/0OO cc.
A renal arteriogram demonstrated patent main renal arteries
bilaterally. There was moderate arcuate and interlobular
arterial narrowing within the renal cortex. The transit time
of the radiopaque material was delayed and there was absence
of nephrogram effect. On the fifth hospital day the blood
urea nitrogen was noted to have increaued to 193 mg/lO0 cc
and the serum creatinine was 15.3 mg/100 cc. The patient had
developed further evidence of uremia and peritoneal dialysis
was instituted for the ensuing 48-hour period. Open renal
biopsy was then performed. The renal biopsy demonstrated
evidence of fibrinoid necrosis of +,he afferent arterioles
and interlobular arterioles. Figure 1. There was also
typical onion-skin effect in arterioles diffusely throughout
the kidney. Figure 2. The interstitium was moderately in-
volved with round call inflamatory reaction, edema, and a
mild degree of fibrosis. The glomeruli were nonspecifically
thickened and minimally proliferative. Figure 3. Only a few
of the glomeruli were entirely hyalinized. Two 24 -hour urines
for vanillylmandelic acid excretion, were 6 mg/24 hours and
7 mg/24 hours. Riepeated urinary cultures demonstrated no
significant growth.

The clinical course was marked by normotensive response
to the medications (furosimide, hydralazine, and alpha-methyl
dope). The patient showed continuous impro-ement in overall
well-being. Over the next three weeks, there was a stabili-
zation of the blood urea nitrogen at 14 ;/lG'100 cc and the
serum creatinine at 11.3 mg/lO0 cc.

An orthostatic response to the i.dications was noted as
the blood pressure was consistently ltwer in the standing
posture than it was in the supine posture. The average blood
pressure in the standing posture was U5/8O mm Hg and the
average blood pressure in the supine postura was 170/100 mm Hg
during the patient's hospitalization. For this reason, the
patient's bed was tilted 30 degrees upright at the head. The
patient was discharged3 and followed at frequent intervals as
an outpatient. Medications were continued and occasional
adjustments were made to maintain normotensive blood pressure
levels. Associated with the marked orthostatic response noted,
three episodes of dizziness occurred during the next few months.
However, there was no syncope. Again the supine blood pressure
was consistently higher than the normotensive-to-slightly-hypo
tensi.e standing blood pressure. The patient's bed at home
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was placed in the 30 degree head-up tilt position to avoid
the mild blood pressure elevations while she slept.

During the outpazient follow-up period, the patient was
trr.ined to record her own blood pressures at home. She kept
an extremely accurate record which corresponded we'" with the
in-office readings.

The funduscopic picture cleared over the initial three
months of outpatient follow-up and her residual funduscopic
changes consisted of mild arteriolir narrowing with ao evidence
of hemorrhages or exudata)s.

The paz.ent returned to work after three months and main-
tained full employment following that date.

The blct- urea nitrogen and serum creatinine progressively
decreased over the next few months, wnd within two montihs the
creatinine clearance increased to 30 mtilin.

After having maintained a steady improvement while normo-
tensive for seven months, the natient was readmitted to the
hospital for elective evaluation of her renal status. The
repeated kidney biopsy showed definite evidence of afferent
and interlobular artericlar patency. Figure 4. There was no
evidence of the typical onion-skin effect and fibrinoid necro-
sie which bad been noted in the initial biopsy. Many glaruli
did show s9me evidence of shrinking and there was an increase
of Bowman's space. Figure 5. However, the gion.rular capi-
llaries were no longer thickened and the degree of prolifera-
tion was less than had been noted iu the initial biopay. The
creatinin. cleas-ance was 30 mi/min and the serum croatinine
was 3.6 mg/l00 cc.

Repeated evaluation of the peripheral plasma renin
activity demonstrated v•iues below 1000 ng/l0Q cc in contrast
to the initial value of 5000 ng/l00 cc during the initial
hospitalization.

The patient was then seen at monthly intervals. &e
maintained a normotensive blood pressure in the upright posture
and a minimum degree of hypertension was recorded only occa-
sionally in the supine posture. The medication was continued
rigidly by the patient. Thirteen months after initial treat-
ment tbe patient's blood urea nitrogen was 42 mg/100 cc and
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Ber=i creatinit was 2.9 ag/lO0 cc, and the creatinine clear-
ance was 35 al/amin. Figure 6. Tha patient has maintained
full employment in the capacity of laboratory technician.
The antibypertensive prescription at present is: furosinide
80 ag twice daily, hydralazine 100 ag four times daily, alpha
mathyldopa 500 mg four timos daily.
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URINARY I'PACI INFECI iON

Its Diagnosis and Significance

CP' Michael R. Conger, MC*

The role of urinary tract infection in the evolution of
significant renal disease is a subject of fervent current in-
vestigation. The significance of asymptomatic bacteriuria is
hotly Jebated. This paper viil attempt to clarify why there
is a cisparity of thought on this subject and bring the presently
known facts together so that the reacer will be able to appraise
critically future references to the topic.

Iagnosis of urin.m.r, tract infection

There is no problem ciagnosing urinary tract infection in
the patient with fever, flank pain, ..ysuria, ana pyuria. The
problem lies in determining the significance of symptoms with
a normal urinary sediment or bacteriuria in the absence of
symptoms. TABLE I outlines a few common reasons for the mis-
diagnosis of urinary tract infections.

A frequently confusing problem is the fintoing of pyuria in
a "routine" urina.ysis. Although this fin,:ing shoulz alert cne
Stq a •:iagnosis of infection, yuria can occur in the absence of
bacteriuria. TABLE II outlines the nonbacterial causes )f pyuris
which -'ust also be consicered when it is ciscovered. When urine
cultures are sterile in such instances (or have an insignificant
bacterial growth), genitourinary tract tuberculosis should be
considered and excluded by obtaining at least three morning
urines for Ziehl-Neelson staining =nd cultures.
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REASONS FOR MISDIAGNOSIS OF URINARY TRACT INFECTION

-'PYURIA 05 WBCjIjpF SPUN URINE) -I

occurs only in 50 percent of women with a3ymptomatic
bacteriuria

occurs in the absence of bacteriuria

-"WBC CASTS"

may come from prostate

-•POSTERIOR URETHRAL INFECTION

may occur in patients without ba,:teriuria

"-DYSURIA
may not mean bladder infection even with 1000- 10,000

organisms per milliliter

-.BACTERIURIA

exists asymptomatically

TABLE 11

NON-BACTERIAL CAUSES OF PYURIA

GLOMERULONEPHRITi;

LUPUS NEPHRITIS

RENAL TUBULAR CELLS MISDIAGNOSED
AS WIIITE BLOOD CELLS

BLADDER TUMORS

URETHRITIS (Tnchomonaq

Present Concepts. Vol IV No 9. September 1971
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Urinary Tract Infection. Conger

Although glomerulonephritis or lupus nephritis cause pyuria,
they should be apparent from other clinical manifestations.
Renal tubule cells resemble white blood cells but can be diffcrr
entiated from them by the use of peroxidase stain (Sedi-stainMRJ).
Bladder tumors should be considered as a cause of pyuria when the
patient is past forty or has a history of exposure to anilene dyes
or heavy cigarette smoking. Urethritis without infection of the
urine can often be con"irmed by comparing a two-part urine collec-
tion. Trichomoniasis as a cause of pyuria can be determined by
examination of the sediment and recognition of the organism. It
is therefore apparent that symptomatology and urinalysis may aid

in diagnosing urinary tract infection, but the urine culture is
still required to confirm it.

Urine is normally sterile. It had been theorized that
showers of bacteria occurring normally could cause a low titer of
bacteria to appear in the urine via glomerular filtration. Stamey
and Pfau /1/, hcroever, gave intravenous bacterial injections to
dogs without resultant bacteriuria. Thus there is strong evidence

that bacteremia does not induce bacteriuria in nonobstructed
individuals. Despite the known sterility of urine, it has been

shown that only two percent of women with sterile urine, as proven
by suprapubic needle aspiration, have a sterile midstream collec-
tion. Figure 1. We are therefore obligated to develop some
ground rules for deciding the significance of a positive culture.
If the female perineum is meticulously scrubbed and a total voided
specimen contains more than 105 organisms per milliliter, there is
an 80 percent chance that the patient has a urinary tract infec-
tion. Two such positive specimens gives a 91 percent chance that
the patient is infected, and three such cultures gives a 95 per-

cent chance. /2/ Realistically, however, waiting for two or three

consecutive procedures to approach a respectable range of error
represents a serious time delay as well as additional expense.
Also, this statistical presentation does not tell one how many
people with less than 1O5 bacteria have significant infection and
many physicians have misinterpreted these figures to mean that
no one with less than 105 organisms per milliliter has a signifi-
cant infection. Stamey and Pfau /1/ list three alternatives to
the total voiding cultures which can avoid these problems:
(1) suprapubic needle aspiration of the bladder, (2) midstream
urine specimen collected on lithotomy table after nurse cleans
the perineum, and (3) catheterization of the bladder.

I'reenI Con'epti, Vol IV No 9, Sep tem ber 1971



p.o

I rltlrlrl" Ireit I 1"1ic, i1sut ( "e~rlgcr

26/54 cultures
contailned 6rom-
negafive bacill;

S40 38 ,9

i-.

30

0 
2201.2 >" 4.

C2 16.7

L

I0 -- :7.4 -

0 i- 100 100- 1000- I0,000- >100)000
1000 I0,000 100,000

Bacteria per ml.
I ig I. Midstream bacterial counts in 54 femalcs with sterile suprapubic bladder aspirations. /1l/
iReproduced by permision of the authors and The Williams and Wilkins Co.. publixhers.1

Needle aspiration of the bladder is safe, offers a 99 per-
cent confidence level for obtaining sterile urine, and is pain-
less, but may be emotionally distressing to the patient. Stamey
and Pfau ./l suggest that collecting a midstream specimen from,
a patient on a cystoscopy table after a trained nurse has
thoroughly cleansed her perineum is nearly as efficient (95
percent confidence level). Figure 2. This is not practical for
zost physicians, however. Although catheterization is an accurate
way of diagnosing urinary tract infections, there is the risk of
causing an infection. The risk is reasonably small in outpatients
without a urinary tract abnormality, but in any hospitalized
patient the incidence of infection is high -- as high as 20 per-
cent on a medical ward according to one report. /3/ If a patient
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needs catheterization because ofi obstruction it shoul I not be
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For normal use, a midstream specimr.en after the patient

cleanses the perineum woulc seem to be the best method if the

-atient is reliable. Results should probably be confirmed by

secona specimen. If patient displays poor hygiene or is unable
to follow instructions, a midstream collection following a perineal
scrub by a nurse woula be advisable. A suprapubic needle aspira-
tion wouli be a reasonable alternative and should be considered in
cases where the diagnosis is questionable by other means.
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Urinary Tract Infection - Ornger

In determining the significance of a colony count, despite
the care (or lack of it) vith which the specimen is collected,
one should be cognizant of the type of organisms cultured be-
cause lactobacilli, streptococci (except enterococci), and
staphylococci (other than in diabetic patients) are usually
contaminants. Such organisms when present in large numbers
generally signif.y a poorly collected specimen and call for
another carefully obtained specimen. Some pitfalls must also
be avoided which might falsely lower a significant urinary
becterial count, such as antibiotic therapy, hydration, frequency
of voiding, fastidious organisms, and contamination of the speci-
men by soap.

Significance of Urinary Tract Infections

The incidence of bacteriuria in various population group3 is
well-established. It varies from four percent in males seen in
the medical outpatient department to almost 100 percent in patients
with indwelling catheters for over 96 hours. /9/

The rarity of bacteriuria in young males has been documented
by Kunin's work /5/ in which he reported only two positive cultures
in 7,731 boys and young men, 1,116 of whom were between the ages Df
15 and 29 years.

To enable one to estimate prognosis and judge the effect of
therapy, urinary tract infection has been conveniently divided into
four categories /6/: (1) uncomplicated acute urinary tract infec-
tions, (2) complicated acute urinary tract infections, (3) asyrrpto-
matic bacteriuria of unknown duration, and (4) chronic bacteriuria.

Acute urinary tract infection may often be self-limited but
should be treated because in a few instances it is followed by
chronic bacteriuria. With repeat episodes of infection a thorough
evaluation should be undertaken and all young men should have a
complete urologic evaluation at the time of their first episode.
Complicated urinary tract infections are acute episodes and a
structural abnormality is present. The infection dill not usually
be cured until the anatomic defect is corrected.
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Asymptomati c bacteriuria is usually a problem of females
anti a careful history will often reveal previously undescribed
symptomns of urinary tract infection. A number of these patients
will alscz go on to develop subsequently symptomatic infections.
Chronik bacteriuria means persistent bacteriuria with repeated
symptomatic intervals interspersed with asymptomatic intervals.
Many of these patients have an associated obstructive uropathy.
These infections are often resistant to treatment for a number
of reasons including resistant bacteria, obstruction, renal
calculi (which are a constant reservoir of infection), emergence
of antibiotic-resistant mutants, and an environment unfavorable
to antibiotic action in the renal parenchyma. The possibility
that local and humoral mechanisms in the kidney are not favorable
to eradication of the infection may als account for the failure
of adequate treatment.

The Danger of Chronic Infection

It is an inherent quality of physicians which makes them
want to treat and eradicate any pathologic condition. The
presence of asymptomatic or chronic bacteriuria is a prime
example of such a situation, but workers in this area are having
difficulty jeciding whether or not the mere presence of bacteria
in urine is (cangerouz.

There is no indication that chronic bacteriuria ooes any
permanent damage to the u~rethra or to the bladder, however, a
great deal of controversy revolves around whether or not chronic
bacteriuria leads to chronic pyelonephritis. The controversy is
made almost unresolvable by a complete lack of agreement on a
definition of pyelonephritis as reflected in the comment by
Petersdorf and Turck /6/:

Nephrologists tend to equate pyelonephritis
a disease characterized predominantly by tubular
dysfunctlion that eventuates in uremia; urologists
think of pyelonephritis in terms of obstructive
uropathy and vesicoureteral reflux as forerunners
of infection; pediatricians think of pyelonephritis
as a disease associated with congenital abnormalities
that lead to repeated infections, failure to thrive,

nand renal insufficiency; anq pathologists are still
struggling witn the problem of how to define the
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,Jisease morphologically and to establish a rela-

tionship between a specific histologic picture
and a variety of pathogenic stimuli, including
eialgesic ingestions, irradiation, potassium
depletion, hypertension, and infection.

It _s known that a large percentage of pregnant women
with untreated bacteriuria will develop acute pyelonephritis.
Savage et al /7/ reported that 26 percent of those untreated
versus zero percent of the treated women in a double blind
study developed acute pyelonephritis before the termination
of the pregnancy. Therefore, a strong recommendation for
treatment of bacteriuria in pregnancy is made especially to
prevent acute pyelonephritis. An association with prematurity,
perinatal death, and toxemia has been suggested, but this demanos
further stuay. /7,8;

Studies /9-11, have shown that approximately 50 percent of
patients with recurrent bacteriuria have culturable bacteria
obtainable from the ureter. Renal pelvic bacteriuria has been
taken by many to mean that this is consistent with chronic
pyelonephr. tis, but this has never been proven. Stamey and Pfau /1'
prefers to call this "pyelitis".

There is a defect in tne concentrating ability of the
kidney in chronic pyelonephritis. TABLE III. A similar defect
has been demonstrated in cases of renal bacteriuria and, more
importantly, this defect existed only on the bacteriuric side
in patients who did not have renal bacteriuria bilaterally.
This concentrating aefect improves following eradication of the
bacteriuria. '12, Some people consider this evidence for chronic
pyelonephritis, however, thi's is merely '"guilt by association".
According to Stamey ana Pfau 11, no one has proven that bacteria
in the renal pelvis lead to chronic destruction of renal tissue.
Both chronic pyelonephritis and pelvic bacteriuria could cause a
defect in concentrating ability.

Hemagglutination studies demonstrated higher titers of anti-
bodies to bacteria in cases of acute pye~onephritis than they do
in cystitis. Tne persistence of antibody titers is also observed
in patients with chronic pyelonephritis from whom bacteria carx.r.t
be cultured. /7,13Y Guttman et al /14/ sl.owed that ir 57 patients
with sterile urine and chronic pyelonephritis, 11 had bacterial
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vnrlanits in tieir urine. These variants which are i-'fi~uit
tU) ulture ,ioul - explain the existence of titers In patients
without culturable bacteria but whether or not this is related
to chr')nic pyelonephritis is yet to be proven.

TABLE Ill

CONCENTRATING ABIUfY IN MiLLIOSMCLES*

Right Kioncy Left Kidne,

BLADDER
BACTERIURIA 936.1 918

infe-ted Kidney Non4nfectedi ~K~dney .

RENAL
BACTERIURMA 675 875

Initial After
Irradication

AFITER
IRRADICATION

OF INFECTION 73 !?62

"Adapted irom Ronald. et al: Ann Intern 3mcd 70:723-733, 1969

Stamey an: Pfau /1 believe that the only way to determine
the existence of pyelonephritis is by intravenous urograms that
show :iestruction of the renal cortex. A recent intravenous
pyelograph stuoy in two parts, /15,16/ done in Wales showed no
evinence of chronic progressive pyelonephritis in 93 women with
"chronic bacteriuria, 50 percent of whom were over the age of 45
years. Aoki et al /17/ showed by immunofluorescence the presence
in the kidney of bacterial antigen in six of seven patients with
"a bacterial" pyelonephritis. Again there is no proof that this
leads to chronic pyelonephritis. A point against its leading to
chronic pyelonephritis was mace by Sanford and Barnett /18/ when
they showed that the existence of antigen following acute pyelo-
nephritis in rats oid not leao to progressive scarring and loss
of tissue.

Even though bacteriuria is ten times more common in fer.ales
than in males, this sexual predominance is not seen in chronic
pyelonephritis. This woulo point away from bacteriuria as a
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cause of chronic pyelonephritis. /I/

Freedman /19! in an autopsy review, found 64 cases of
chronic, nonobstructive pyelonephritis. Only 15 of these cases
oied with uremia, and of these 15 only one had a history of
urinary tract infections during life, and only two had positive
cultures prior to the onset of uremia.* Fourteen of the 15,
however, had a history of other disease predisposing to renal
disease.

COMMIJNT

The majority of the current evidence points toward the
fact that bacteriuria has little to do with the development of
chronic renal disease, however, future work shoula always be
considered with an open mina.

*1ltt% might ,uggc-t that "ahactcnal'" pyclonephnlt. i.e. an immunologic phenomenon. is an Important

factoTr JJI)
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MANA(;FMEN'! 01: ACU I".- INT(OXICATI,)N WrITiH BRBITURATI'S,
IHIERO(IN AND L.SD)

I.T(: Janics 11. Shinabergcr, MC USAR

BARBITURATE INTOXICATION

Barbiturates remain the drug molt often reported as the
cause of poisoning in adults in tha United States. A fairly
recent estimate suggests there are more than 15,000 hospitai-
ntions and 1,000 deaths annually from such intoxications.

Because of the current drug culture evolving in the country
and particularly in our own commity, this is probably a
gross underestimation. In addition to the former classical
case of acute massive ingestion for suicidal reasons, a now
class of overdose problem is being seen in greater numbers.
These are the chronic barbiturate abusers who regularly take
15 to 20 "reds" or "yellows" per day and who are seen as acute
"overdose problems when they abruptly increase their intake to
30 or 40 capsules in a given day, either through despondency
or actual error in judgment in calculating the dose required
to produce the desired effect. Presumably because of tolerance
or enzyme induction, thesn intoxications tend to take a milder
course, but their treatmint is complicated by the possibility
of the potentially lethal barbiturate withdrawal syndrome if
the background of chronic abuse is unrecognized. The signs
and symptoms are given in TABLE I.

T;catment

Necessary treatment for mild intoxications as in recent
ingestion or low dosage may be only induction of emesis (if
the patient is alert) or lavage and observation if the patient
is only mildly depressed. Enesis may be induced by injections
of apomorphine, 0.07 m/kg of body weight. Emesis is more
effective if the stomach contains liquid. Nalorphine should
be immediately accessible in the event that apomorphine produces
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respiratory depression. If lavage is done, it will be most
effective if 2-3 liters of saline containing a slurry of at
least 1 gm/kg activated charcoal (powder, not tablets) is
used. The charcoal quantitatively absorbs the drug and pre-
vents "s absorption by the gaatrointestinal tract. Following
lavage )-90 ml of castor oil is instilled into the stomach.
The lipid soluble drug is selectively dissolved into the non
absorbable oil which remover the remainder of the drug from
the bowel. In the presence of even minimal depression, oil
instillation should not be done unless a cuffed nasotracheal
tube is in place and inflated.

Any patient who will tolerate an endotracheal tube
requires it. The cuff should be deflated 15 minutes every
2 hours, and tracheobronchial suctioning with aseptic tech-
nique should be faithfully performed as frequently as neces-
sary. With any degree of hypoventilation and certainly if
the pO2 is 70 mm Hg or less, mechanical assistance should be
provided. A head down position and frequent turning help
prevent atelectesis. With prolonged coma, aspiration or
bacterial pneumonitis is comon and tests for this should be
frequent. Gram-negative infections are common. A simple
oxygen saturation test has recently been described which will
detect aspiration pnezmonia before clinical or radiological
findings are present. Maintenance of adequate airway and
ventilation is the single most important aspect of sedative
overdose management.

tlypotension

Barbiturates and most other sedatives produce vaso-
dilation and relative hypovolemia. Surprisingly large amounts
of plasma expanders may be required to produce a normal central
venous pressure (CVP), tissue perfusien and glomerular filtra-
tion. Vasopressors, preferably with inotropic action should
be used rarely and only when it is certain that effective
circulating plasma volume is normal. If renal perfusion is
adequate blood pressures somewhat lower than those ususely
considered normal are acceptable in the comatose, totally
relaxed patient.
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I ly polhcriulna

I Rewarming to prevent ventricular fibrillation is indicated
if body temperature falls to 32 C.

Forced Diuresis

With the exception of phenobarbital, the barbiturates
have pK values higher than physiological pH and are not ex-
creted in the active form in significant amounts in the urine.
The excretion of phenobarbital (pK 7.2) can be significantly
increased by forced alkaline diuresis provided the urinary pH
is maintained above this level. The excretion of short-acting
barbiturates can be increased about 20 percent by forced os-
motic diuresis. The increased clearance is related to the
increased urine flow. Since flow rates above I00 ml/hr are
required, careful attention to replacement of electrolytes is
necessary. An additional 40 ml/hr should be given for insen-
sible loss (less if on respirator, more if fever is present).

Dialysis

Peritoneal dialysis is relatively inefficient for removal
of barbiturates, but is occasionally necessary in children.
Hemodialysis should be considered when the following factors
are present: (1) the patient is elderly, (2) there are com-
plicating diseases (3) failure to improve with conservative
management, and (4M blood levels are 3.0 mg/lO0 cc short-acting
or 7 mg/•l00 cc long-acting. Hemodialysis is somewhat less
effective for short-acting barbiturates and dialysis with
lipid dialysate may be considered. If dialysis is elected,
careful attention to all of the general supportive measures
must be maintained throughout the procedure.

Psychiatric Assistance

The most important time for the psychiatric evaluation
and therapy is imediately after awakening.
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TIlE BARBITURATE ABSTINtENCE SYNDROMI

Chronic barbiturate abuse has become extremely widespread
and a special note regarding the barbiturate abstinence s-
drome is included because of its medical importance. Barbi-I: turic acid was synthesized in 1863 and barbital was intro-
duced into medical practice in 1903. Chronic intoxication
and convulsions upon withdrawal were described in Germany as
early as 1905. Subsequent reports of barbiturate dependency
went unheeded until the studies of Isbell and co-workers in
1950 who did controlled experiments in man which demonstrated
conclusively that the abuse of barbiturates can induce physical
dependency. The intoxication syndrome resembles alcoholic
intoxication and is characterized by lethargy or somnolence,
wide-based staggering gait, nystagmus on lateral gaze, slurred
speech, impaired judgment, and emotional lability. The
abstinence syndrome is far more serious than the abstinence
syndrome of opiate addiction. Not only are convulsions and
temporary psychosis liable to develop, but death may occur.
Minor abstinence manifestations inciludýe apprehension, muscular
weakmess, tremulousness, postural fainting due to postural
hypotension, gastrointestinal disturbances and muscular
twitching. Major manifestations include one or all of the
following: generalized tonic-clonic convulsions, psychotic
delirium, fever, and death. Up to 100 mg of pentobarbital
per day can be takea safely without developing major absti-
nence manifestatior". Above that level, the percentage of
incidence of major withdrawal abstinence syndrome varies
directly with increasing daily dose. Convulsions may devclop
as early as 16 hours, but usually occur on the second or third
day of withdrawal. The development of temperature above 101 F
during withdrawal is an indication for vigorous treatment.
Diphenylhydantoin has never been demonstrated to offer pro-
tection from barbiturate withdrawal seizures. Abrupt with-
drawal from meprobamate, glutethimide, methyprylon, ethinamate,
ethchlorvinyl, chlordiazpoxide, and diazepam has been reported
to result in grand mal seizures, psychotic behavior, or both.
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Recently Smith and Wesson2 have proposed a safe method
for barbiturate withdrawal. Basically, the daily dose of
barbiturate, which is practically always secobarbital or
pentobarbital, Ls estimated by history from the abuser. This
is usually from 500 to 3000 milligrams. Each 100 mg of short
acting barbiturate is equated to 32 mg of phenobarbital and
this is given as total daily dose divided into four doses
which are somewhat higher in the evening than in the mornings.
After two days of stabilization and close observation, the
total daily dose is decreased by 30 mg per day. If symptoms
develop during withdrawal an injection of 200 mg of pheno-
barbital is given immediately and the decrease in dosage is
discontinued until withdrawal symptoms have subsided.

kab, il 11. Alschu! S. Kornetsky C. et al- Chronic barbiturate intoxication. Ar cpcrimcntal study.
Arch NcurolPs'c¢hiat 64: 1-28. 1950

2 Smtth DE. Wesson DR Phcnobarbstol technique for treatment of barbiturate dependency.
Arch Gen Psvchiat 24:56-60. 1971

HEROIN OVERDOSE

Severe overdose may be almost instantly fatal and is not
amenable to treatment. Overdose produces pinpoint pupils,
depressed blood pressure and respiration, coma, shock, and
pulmonary edema. Diagnosis usually easy from "tracks" or
evidence of "skin popping". The signs and symptoms are listed
in TABLE I.

Treat me nt

Immediate injection of nalorphine 2-10 mg (if no veins
are usable, inject into sublingual venous plexus). Repeat
as often as necessary to prevent recurrence of apnea or hypo-
tension. Response is judged by dilation of pupils. Hypotension
may require plasma expanders and pressors. These patients
should be observed for at least eight hours because pulmonary
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edema may appear later and be fatal. Treatment consists of
diuretics, oxygen, tourniquets, and occasionally digitalis.
The precise etiology of the pulmonary edema is unknown.
Theories include: (1) overdose of the common adulterant
quinine, (2) particulate thrombo-embolism, (3) hypoxia,
and (4) anaphylactic reaction with lung as target organ.
Addicts are also susceptible to staphylococcal pneumorna and
endocarditis. It should be remembered that the nalorphine
used in treatment may produce an abrupt withdrawal syndrome
which may require treatment.

LYSERGIC ACIi) DIETHYLAMIDE (LSD)

Making a diagnosis on basis of history of 1SD ingestion
is risky since much of what is sold as LSD is actually phen-
cyclidine (sernylan). strychnine, amphetamines and atropine.
TABLE I includes typical signs and symptoms. LM and other
hallucinogens induce a hypersuggestible state that can be
exploited by reassurance. Hyperactivity can be controlled
by "talking the patient down". Urge the patient to keep his
eyes open since this usually decreases the panic and hallu-
cinations. Although the phenothiazines are useful when
sedation is necessary, their use can be hazardous when an
anticholinergic drug has been mixed with the I3D as severe
hypotension can be produced. TABKE I. Excessive dryness
of the mouth and absence of sweating are clues to possible
adulteration with anticholinergics. If an "anticholinergic
crisis" is produced by treatment with phenothiazines, 2-4 mg
physostigmine given Intramuscularly and repeated as often as
necessary may reverse the crisis. It may be safer to use
parenteral LibriumQ or Valium®) and to rely heavily on reas-
surance.
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